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ABSTRACT

Breast cancer patients with BRCA1/2-driven tumors may benefit from targeted therapy. It is
not clear whether current BRCA screening guidelines are effective at identifying these patients. The
purpose of this study was to evaluate the prevalence of inherited BRCA1/2 pathogenic variants in a
large, clinically representative breast cancer cohort and to estimate the proportion of BRCA1/2
carriers not detected by selectively screening individuals with the highest probability of being carriers
according to current clinical guidelines. The study included 5,122 unselected Swedish breast cancer
patients diagnosed from 2001 to 2008. Target sequence enrichment (48.48 Fluidigm Access Arrays)
and sequencing were performed (lllumina Hi-Seq 2500 instrument, v4 chemistry). Differences in
patient and tumor characteristics of BRCA1/2 carriers who were already identified as part of clinical
BRCA1/2 testing routines and additional BRCA1/2 carriers found by sequencing the entire study
population were compared using logistic regression models. Ninety-two of 5,099 patients with valid
variant calls were identified as BRCA1/2 carriers by screening all study participants (1.8%). Only 416
study participants (8.2%) were screened as part of clinical practice, but this identified 35 out of 92
carriers (38.0%). Clinically-identified carriers were younger, less likely postmenopausal and more
likely to be associated with familiar ovarian cancer compared to the additional carriers identified by
screening all patients. More BRCA2 (34/42, 81.0%) than BRCAL carriers (23/50, 46%) were missed
by clinical screening. In conclusion, BRCA1/2 mutation prevalence in unselected breast cancer
patients was 1.8%. Six in ten BRCA carriers were not detected by selective clinical screening of

individuals.

NOVELTY AND IMPACT

This is one of the largest studies on BRCA1/2 prevalence in an unselected breast cancer population.



INTRODUCTION

Estimates of the prevalence of BRCA1 or BRCA2 germline pathogenic variants vary
considerably depending on the technology used for mutation screening, population size, and to what
extent the genes are tested 1. Although BRCA1/2 pathogenic variants are major determinants of
hereditary breast cancers, women diagnosed with BRCA1/2-associated breast cancer do not
necessarily exhibit worse survival patterns than breast cancer patients without such pathogenic
variants 2. On the contrary, patients diagnosed with BRCA1/2-associated breast cancers have
advantages in terms of treatment options when compared to patients with BRCA1/2 wild-type breast
cancer (reviewed in 8). Evidence from clinical trials showed significantly greater sensitivity and higher
response rate of BRCA1/2-associated cancers to neoadjuvant and standard adjuvant chemotherapy
than their wild-type BRCA1/2 counterparts 3. Treatment options for BRCA1/2 breast cancers are also
broadened with the introduction of new therapeutic agents, such as poly (ADP-ribose) polymerase

(PARP) inhibitors, which selectively target BRCA1/2-deficient cancer cells 7.

Recommendation for counselling and genetic screening for BRCA1/2 pathogenic variants is
mainly based on personal and family history of breast and/or ovarian cancer, young age at disease
onset, male breast cancer and multiple tumors (bilateral breast cancer or breast and ovarian cancer in
the same patient) 8. However, BRCA testing guidelines vary by region and country %19, In Sweden,
the Swedish Breast Cancer Group BRCA1 and BRCAZ2 screening criteria are used 8. A report by
Nilsson et al. estimated that the Swedish BRCA testing criteria has an effectiveness of only 18% and
concluded that clinical genetic testing criteria for BRCAL and BRCAZ2 should be critically revised 8. As
the effective identification of BRCA1/2 germline pathogenic variants has potential to influence
treatment decision and has implications for the family of the patients 361112/ the pros and cons of
testing all women diagnosed with breast cancer for such pathogenic variants need to be examined. In
a large, clinically representative breast cancer cohort, we examined the prevalence and
characteristics of BRCA1/2 germline mutation carriers and compared our results with BRCA mutation

carriers already identified through a national clinical BRCA screening program.



METHODS

Study participants

All women under the age of 80 and diagnosed with breast cancer from 2001 to 2008 in
Stockholm, Sweden were identified through the Stockholm-Gotland Regional Breast Cancer quality
register 13 14, Women were invited to participate in the LIBRO1 study in 2009. In all, 5,715 women of
the LIBROL1 study gave informed consent to the retrieval of data from medical records and national
registers, answered a detailed questionnaire on background and lifestyle risk factors, and provided a
blood specimen for genetic analysis 12 4. Of these women, 5,125 were successfully genotyped in a
large-scale genotyping study on breast cancer risk (see eTable 1 in Data Supplement 1 for exclusion
criteria, online only) 15. Of these women, 5,122 had enough DNA remaining for targeted sequencing.
The final analytical dataset comprised 5,099 samples which passed quality control. This study was
approved by the Regional Ethical Review Board in Stockholm, Sweden (Karolinska Institutet,

DNR2009/254-31/4).

Patient characteristics

Self-reported information on education level, age at menarche, body mass index (BMI),
number of children, oral contraceptive use, hormone replacement therapy, and details of family
history of breast and ovarian cancer were obtained from the questionnaire. Patients were asked if
their biological mothers and sisters have been diagnosed with breast or ovarian cancer, and if so, at
what age. Mammograms were retrieved from radiology departments. Percent mammographic density
was measured using an automated method described in 16, Information on whether the patients have
an ovarian cancer or any non-breast malignancy was retrieved via linkage to the Swedish Cancer
Register using unique personal identity numbers of study participants (personnummer, ten or twelve

digit number used in Sweden to identify individuals) 7.

Tumor characteristics

Tumor characteristics were retrieved from the Stockholm-Gotland Regional Breast Cancer
Quality Register 18 19 using unique personal identity numbers 7. Tumor size was measured in
millimetres. Lymph node involvement was dichotomized into positive or negative. Estrogen receptor

(ER) status was recorded as negative or positive in the registers, determined by radioimmunoassay or



immunohistochemistry with cutoff values of more than 10% positive cells for IHC and more than 0
fmol/ug DNA for radioimmunoassay assays. The completeness of the registry data was 98% for tumor
size and lymph node status and 80% for ER status. Information on grade (Nottingham histologic
grade for invasive cancer and nuclear grade for cancer in situ) was available from 2004, with 93%

completeness 19,

Data on molecular markers were retrieved in 2015-2016 from medical and pathology records
at treating hospitals (previously described in 29). HER2 status was dichotomized (positive/negative) in
accordance with the Swedish Society of Pathology's guidelines: negative if protein expression showed
0 or 1+, or was higher with no confirmed gene amplification by FISH, and positive if FISH showed
gene amplification.2® Proliferation marker Ki67 was measured according to contemporary guidelines
and reported as percent staining (low if <20% and high otherwise).?2° HER2 and Ki67 markers were
not assessed, and thus not available in medical records, prior to 2005. Breast cancer subtype was
assigned using a random forest algorithm (caret R package, v. 6.0.58) described in 2°. The algorithm
was trained to predict subtype based on a subset of individuals with PAM50 subtype derived from
gene expression data (n=237). Breast cancer subtype was then assigned to the remaining cases

based on age at diagnosis, ER, PR, HER2, and Ki67 status.

Targeted sequencing and data processing

Target-enriched sequencing libraries of germline DNA from 5,122 breast cancer patients were
prepared at the Centre for Cancer Genetic Epidemiology (University of Cambridge), as part of a larger
effort that included samples from other cohorts. Briefly, target sequence enrichment was performed
using 48.48 Fluidigm Access Arrays according to the manufacturer’s protocol (Fluidigm, South San
Francisco, California, USA). Fluidigm D3 assay design software was used to select primer pairs,
which were multiplexed into pools selected for GC content and avoidance of off-target primer-primer
and primer-product complementarity (eTable 2 in Data Supplement 2). Target sequences were
amplified with lllumina sequencing adaptors and one of 1,536 unique sample barcodes (supplied by
Fluidigm, South San Francisco, California, USA). Robotic liquid handling and barcode plate
identification were used in all steps of the library preparation process. The amplicon library was
guantified with the KAPA Library Quantification Kit (KapaBiosystems, Boston, Massachusetts, USA)

and then sequenced on the lllumina Hi-Seq 2500 instrument using v4 chemistry, according to the



manufacturer’s protocol (lllumina, San Diego, California, USA). Each library was sequenced 2-3 times
to provide sufficient coverage. Details on sequence data processing and quality control are shown in
eMethods in Data Supplement 1. A total of 5,099 samples had valid variant calls. The mean read
depth across the coding sequences of BRCAL and BRCA2 was 792.2 (standard deviation: 587.4) and
631 (standard deviation: 516), respectively. More than 90% of targeted bases had more than 15x

coverage (94.8 [15.9] and 92.5 [20.4] for BRCA1 and BRCAZ2, respectively).

Definition of pathogenic variants

As described previously in Borg et al. 21, sequence variants were categorized based on their
predicted effect on the mRNA and amino acid level and defined as pathogenic if they were (1)
frameshift and nonsense variants with the exception of the BRCA2 ¢.9976A>T (BIC: K3326X) and
other variants located 3’ thereof (n=105), and (2) all consensus splice acceptor or donor sequence
sites, except those predicted to lead to naturally occurring in-frame RNA isoforms that may rescue
gene function 22, Public data on pathogenic BRCA variants (includes frameshift insertion/deletions,
nonsense, splice sites and missense variants conclusively demonstrated to be pathogenic) that have
been curated and classified by an international expert panel, the ENIGMA consortium, were also

downloaded from http://brcaexchange.org/ (access date: Feb 22, 2017) for the annotation of the

sequence data.
Identification of women who have undergone BRCA testing in Sweden

Mutation screening for all oncogenetic clinics in Sweden (Lund, Stockholm, Uppsala,
Goteborg, Linképing and Umed) were conducted at the Department of Oncology, Lund University as
part of a national BRCA testing program (eMethods in Data Supplement 1). We cross-referenced
the personal identity numbers of all study participants in LIBRO1 with the BRCA testing unit at Lund
University to identify women who have been tested for BRCA1/2 pathogenic variants previously. The
SweBRCA criteria are the only BRCA1/2 testing criteria used in Sweden (eTable 3 in Data

Supplement 1) 8. Clinicians do not have any obligation to comply with the guidelines &.
Statistical analysis

Predictor variables which include patient and tumor characteristics were described by the

counts of each category and corresponding proportions. Binary logistic regression models were fitted


http://brcaexchange.org/

for the dichotomous outcome (BRCAL [reference] and BRCA?2), and multinomial logistic regression
models were fitted for the three-category outcome (BRCA1, BRCA2 and non-BRCA [reference
categoryl]), adjusting for age and year of diagnosis. Logistic regression models were also used to
compare estimates (odds ratios [OR] and corresponding 95% confidence intervals [CI]) of patient and
tumor characteristics between BRCA1/2 carriers already identified among a subset of 416 patients
screened as part of clinical BRCA testing routines and additional BRCA1/2 carriers found by

sequencing the entire study population (i.e. those not tested by the Swedish BRCA testing program).

RESULTS

The median time from date of diagnosis to study entry is 4.8 years (range: 1.3 t0 9.2). The
median age of breast cancer diagnosis of the study cohort was 59.6 years (range: 25.1 to 79.9). Nine

of ten breast cancers were invasive (89.4%).

Spectrum of BRCA1 and BRCAZ2 pathogenic variants

Of the 5,099 breast cancer patients, 92 (1.8%) were identified as BRCA1/2 carriers (50

BRCAL1 carriers and 42 BRCA2 carriers) and 5,007 were non-BRCA.

Among the 50 BRCAL1 carriers, there were 28 unique germline BRCA1 pathogenic variants
(11 frameshift deletions, 2 frameshift insertions, 8 truncating, 4 splice sites, and 3 missense) (Figure
1 and eTable 4 in Data Supplement 1). Frameshift insertions and deletions made up 26/50 (52%) of
the BRCAL pathogenic variants. Exon 11 harbored 33/50 (66%) of the BRCAL pathogenic variants.
The most common pathogenic variant was ¢.3048_3052dupTGAGA (n=8), which is a founder
mutation originating from the West coast of Sweden 23, Three other Swedish founder pathogenic

variants were also identified (c.1082_1092del [n=5], c.2475delC [n=2]) and ¢.3626delT [n=3]) 23-%6,

Among the 42 BRCAZ carriers, there were 33 unique BRCA2 pathogenic variants (18
frameshift deletions, 3 frameshift insertions, 9 truncating, and 3 splice sites) (Figure 2 and eTable 5
in Data Supplement 1, only online). Over half of all BRCAZ2 carriers (24/42, 57.1%) had a pathogenic

variant on exon 11.

Patient characteristics of non-BRCA, BRCA1 and BRCAZ2 carriers

Half of the non-BRCA women were at least 60 years old, compared to 26.0% and 33.3% for

women with BRCA1 and BRCAZ2 pathogenic variants, respectively (eTable 6 in Data Supplement 1).
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In the crude analyses controlling for age and year of diagnosis, BRCA1 and BRCAZ2 carriers were
more likely than non-BRCA women to report family history of both breast (ORgrca1 vs non-srca: 4.00
[2.27 to 7.05] and ORgrca2 vs non-Brca: 2.23 [1.17 to 4.26]) and family history of ovarian cancer
(ORBRecAL vs non-srea: 7.53 [3.82 to 14.82] and ORBgreaz vs non-srea: 3.62 [1.50 to 8.71]) (eTable 6 in Data
Supplement 1). BRCAL carriers, in particular, were also more likely to be also diagnosed with an
ovarian cancer themselves (ORgrcat vs non-srea: 28.02 [10.72 to 73.29] and ORBgrca2 vs non-Brca: 8.11
[1.87 to 35.24]) than non-BRCA patients (eTable 6 in Data Supplement 1). BRCA1 carriers were
more likely to have a personal history of another malignant cancer in addition to their breast cancer
than patients with non-BRCA patients (ORBsrcat1 vs non-greca: 2.93 [1.37 to 6.27]). This association was
driven by ovarian cancers (ORgrca1 vs non-grca for all non-breast and non-ovarian malignancies: 0.83
[0.25 to 2.73]). BRCAZ2 carriers were significantly less likely to be ever users of hormone replacement
therapy (HRT) than non-BRCA breast cancer patients (26.2% vs 53.8%) (eTable 6 in Data
Supplement 1). In multivariable models shown in Table 1, all variables remained significantly

associated, with the exception of personal history of any non-breast malignancy.

Tumor characteristics of non-BRCA, BRCA1 and BRCAZ2 carriers

In the crude analyses controlling for age and year of diagnosis, BRCA2 carriers were in
general not significantly different from non-BRCA women in terms of tumor characteristics, with the
exception of nodal involvement (ORgrca2 vs non-srca: 2.71 [1.31 to 5.62], eTable 7 in Data Supplement
1). On the contrary, tumors of BRCA1 carriers were more aggressive than those of non-BRCA breast
cancer patients for all tumor characteristics examined (ER and PR status, grade, tumor size, nodal
involvement, and breast cancer subtype) except for the proportion of invasive tumors (eTable 7 in

Data Supplement 1).

In multivariable multinomial models including all tumor characteristics that were significantly
different between non-BRCA and BRCA1-positive breast cancer patients, only ER-negativity
remained significant (ORgrcaz1 vs non-Brca: 5.19 [2.68 to 10.06]) (Table 1). ER status was also the only
independent tumor characteristic that distinguished between BRCA1 and BRCAZ2 carriers (ORgrcaz vs
sreal: 0.22 [0.07 to 0.77]). This observation was mirrored in a separate multinomial model considering
breast cancer subtypes, where BRCA1 tumors were found to be 40 times more likely to be of the

basal-like subtype (ORBgrca1 vs non-rca: 40.07 [14.26 to 112.59]). Only nodal involvement remained



significant in the comparison between BRCA2 and non-BRCA breast cancer cases in the

multivariable model (ORgrca2 vs non-srca: 2.54 [1.20 to 5.37) (Table 1).

Comparison of BRCA1/2 carriers identified versus not identified through clinical screening

Linkage with the Swedish BRCA register found 416 patients (8.2%) that were screened for
pathogenic variants as part of routine clinical practice. Among these 416 women, clinical screening
identified 39 carriers in the study cohort, of which our study confirmed 35 (Figure 3). Four pathogenic
variants were missed (BRCAL: ¢.4186-1785 4358-1667dup and ¢c.4358-1729 4986+736dup;
BRCAZ2: ¢.7805+1538 8331+560del and ¢.9097_9098insT) (Figure 3). Three of these were large
exonic deletions or duplications that the Fluidigm Access Array system is not suitable for detecting.
This gives the Fluidigm Access Array method an estimated sensitivity of about 90%, or 97% when

excluding large exonic variants.

Overall, 57/92 carriers (62.0%) were not already clinically identified: Two additional carriers
were detected by the Fluidigm Access Array method among clinically screened patients (BRCAZ2:
c.2578delA [confirmed by Sanger sequencing to be a false positive] and c.7443delT [missed carrier,
screened with DHPLC and MLPA in 2008]); the remaining 55 out of 92 carriers (59.8%) identified by
the Fluidigm Access Array method in the complete study cohort were never screened as part of

clinical routine (Figure 3).

More BRCAZ2 (34/42, 80%) than BRCAL pathogenic variants (23/50, 46%) were missed by
selectively testing only high-risk individuals who were recommended for genetic testing and
counselling (Table 2). Controlling for only year of diagnosis, BRCA carriers identified by clinical
routine screening were younger (37.2% aged 50 years and above, compared to 73.7%), less likely to
have experienced menopause (ORidentified versus not identified: 0.17 [0.07 to 0.44]) and more likely to be
associated with a family history of ovarian cancer (ORidentified versus not identified: 3.11 [1.06 to 9.09]) (Table
2). Further adjustment for gene revealed a significant association with age at menarche (ORidentified
versus not identified: 2.99 [1.00 to 8.94]). There was also a trend between the likelihood of being identified
as a carrier by selective testing and more children (Table 2). Tumors of BRCA1/2 carriers identified by
selective testing were more often detected clinically (ORidentified versus not identified: 5.52 [1.38 to 22.18]),
higher grade (ORidentified versus not identified: 0.28 [0.08 to 0.92]), larger size (ORidentified versus not identified: 2.48

[1.00 to 6.16]) and of a basal subtype (ORidentified versus not identified: 6.07 [1.49 to 24.76]) (eTable 8 in Data
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Supplement 1). The differences observed for all tumor characteristics and selective testing detection

did not remain significant after adjusting for gene.

DISCUSSION

BRCA1/2 pathogenic variants were found in 1.8% of unselected breast cancer patients. In
contrast to studies reporting BRCA1/2 prevalence for a subset of high risk women 2728, the present
sample reflects the general breast cancer population. None of the breast cancer risk factors examined
differed between BRCA1 and BRCAZ carriers. However, BRCAL and BRCA2 breast cancers differed
in the proportions of patients with ER-negative disease and basal-like subtype. Six out of ten

BRCA1/2 carriers were not identified through genetic testing in the clinic.

BRCA1 and BRCA2 mutation frequencies in breast and ovarian cancer patients unselected
for family history or age at onset are generally low (<1-7% for BRCAL and 1-3% for BRCA2) . The
combined BRCA1/2 mutation frequency in a Swedish population of unselected breast cancer cases
recruited from 1998 through 2000 in Stockholm has been previously estimated to be not more than
1% in the work by Margolin et al. 1. In that study, screening for BRCA1 pathogenic variants was
limited to exon 11, which covers over half the coding region of BRCA1 3°, More than 70% of
diagnosed pathogenic variants including four founder pathogenic variants in the Swedish population
are known to be located on this exon 31-33, Prevalence of BRCA2 pathogenic variants in the Swedish
population was deemed by Margolin et al. to be negligible among unselected breast cancer patients
due to the low frequency of such pathogenic variants even in high-risk groups in the region 1. On the
contrary, only 33 of 50 BRCAL pathogenic variants were identified on exon 11 in this study, thus
suggesting that 34% of BRCAL carriers would have been missed if exon 11 alone were screened.
Through testing the entire sequences of BRCA1/2 genes with improved methodology and techniques,
we estimate the combined prevalence of BRCA1/2 pathogenic variants among unselected breast

cancer patients in Sweden to be closer to 2%.

There are close to 2,000 known BRCA1 germline pathogenic variants, many of which are
loss-of-function frameshift pathogenic variants 34. Nine of 28 (32%) unique BRCAL and 6 of 33 (18%)
uniqgue BRCAZ2 pathogenic variants were found to be recurrent in Swedish breast cancer patients (i.e.
pathogenic variants that were found to occur in at least two unrelated individuals). The relatively low

recurrent mutation frequency, including that of Swedish founder pathogenic variants, would mean that
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screening of selected pathogenic variants alone may not be a sensitive approach in this population as
majority of BRCA1 and BRCAZ2 carriers will have been missed. While BRCA1 pathogenic variants
confer a more aggressive tumor phenotype, BRCA2 pathogenic variants typically resemble sporadic
breast cancer 3. There is good agreement between our observed results regarding the tumor
characteristic differences between BRCA1/2 and non-BRCA breast cancer cases and what has been
previously reported in literature. It has been observed by others that tumors in BRCAL carriers more
frequently exhibited high mitotic count, high grade, ER and PR negativity 36-38, A large proportion of
BRCA1 mutation cases (~80%) have also been documented to be triple negative and basal-like
breast cancers %6-3, In a Swedish study where 54 female breast cancer patients from 22 families with
BRCAZ2 germ line pathogenic variants from Sweden and Denmark were compared with 214 age- and
date of diagnosis-matched controls identified among breast cancer patients from South Sweden,
BRCA2-associated cases were more often node-positive than non-BRCA cases 3°. Other than nodal
involvement, BRCA2-associated breast carcinomas were generally associated with less aggressive

tumor characteristics than BRCA1 cancers, and were more likely to be hormone-related 37: 38,

Thirty-eight percent of BRCA1/2 carriers were identified through selective clinical testing of
8.2% of breast cancer patients. Grindedal et al. evaluated the results of BRCA1/2 testing in South-
Eastern Norway and found that 65% of the BRCA1/2 carriers would have been missed if using age of
onset below 40 or triple negative breast cancer as criteria for testing #°. It is also conceivable that, due
to an emphasis on disease family history in current guidelines, a smaller family size may compromise
the identification of high risk individuals who would otherwise benefit from genetic testing #%. In a
Swedish retrospective study by Nilsson et al. where all breast cancer patients were tested, it was
found that while 65% of the BRCA1/2 carriers fulfilled Swedish criteria for testing, only 18% had been
identified in regular clinical routine 8. Other factors such as varying compliance with guidelines for the
recommendation of BRCA testing by clinicians will lead to even more BRCA1/2 carriers being missed.
It may thus be of benefit to test all newly diagnosed breast cancers in light of available targeted

therapy options.

To our knowledge, this is the largest population-based breast cancer testing study for
BRCA1/2 published outside of founder populations. Despite the richness of the data which
encompasses patient and tumor, some risk groups were too small to be examined with adequate

statistical power (e.g. benign breast disease). The Swedish health care system is mainly government-

12



funded and decentralized, making it possible to identify all women who went for clinical BRCA testing.
Nonetheless, private health care also exists, and some BRCA1/2 carriers may have been identified by
commercial testing outside the public sector. However, the number of patients tested outside of the
national BRCA testing program is likely negligible during the period 2001-2008 8. It should be also
noted that the Fluidigm Access Array method used cannot detect large rearrangements and has a
sensitivity of ~90%, hence further analytical validity studies are needed. More sensitive methods and
the universal BRCA testing of newly breast cancer patients will help to increase the number of women

getting the best treatment for their disease.

In summary, BRCA1/2 pathogenic variants were found in 1.8% of an unselected Swedish
breast cancer cohort. Six out of ten BRCA carriers were not identified through selective clinical testing
routines. Our results give fruitful information for further decisions of BRCA testing for all breast cancer
patients at time of diagnosis. The presented data can be a starting point for further studies dealing
with issues such as cost effectiveness of screening patients with different tumor characteristics and

patient health attitudes.
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FIGURE LEGENDS

Figure 1. Mutation plots of BRCAL. Four and three splice variants for BRCA1 (NM_007294.3) are

not shown.

Figure 2. Mutation plots of BRCAZ2. Three splice variants for BRCA2 (NM_000059.3) are not shown.

Figure 3. Overlap between women attending BRCA screening (clinically tested), BRCA carriers
identified through selective clinical testing routine (clinically-detected carriers), and BRCA
carriers identified through screening all unselected LIBROL1 breast cancer patients (unselected-
detected). Of the 416 women who were clinically tested, 39 were found to be BRCA1/2 carriers (39/416,
9.3%). Our study confirmed 35 of these pathogenic variants. Four pathogenic variants were missed
(BRCAZ: €.4186-1785_4358-1667dup and €.4358-1729 4986+736dup; BRCAZ2:
€.7805+1538_8331+560del and ¢.9097_9098insT). By sequencing the entire Swedish study, we found

55 more carriers who were not screened as part of clinical routine.
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Table 1. Odds ratio (OR) and corresponding 95% confidence intervals (ClI) of predictors according to BRCA status.

BRCA1 vs non-BRCA

OR (95% Cl)

BRCA2 vs non-BRCA

OR (95% Cl)

BRCA2 vs BRCA1
OR (95% Cl)

Model 1: Patient characteristics

Age at diagnosis: 50-59

Age at diagnosis: 260

Year of diagnosis: 2005-2008

HRT ever: Yes

Familiy history of breast cancer: Yes
Familiy history of ovarian cancer: Yes
Personal history of ovarian cancer: Yes

Personal history of any malignant cancer (not breast): Yes

Model 2: Tumor characteristics, adjusted for age and year of diagnosis

Detection mode: Interval

Detection mode: Clinical cancer in women without previous mammograms

Detection mode: Clinical cancer in women who had previous mammograms (i.e. interval >24 months)
ER status: Negative

Grade: Intermediate-differentiated

Grade: Poorly-differentiated

Tumor size: 220

Nodal involvement: Yes

Model 3: Breast cancer subtype, adjusted for age and year of diagnosis
Subtype: Luminal B

Subtype: HER2-enriched

Subtype: Basal-like

18

0.21 (0.10 to 0.45)
0.14 (0.06 to 0.31)
1.68 (0.91 to 3.08)
1.08 (0.56 t0 2.10
3.57 (1.99 to 6.41)
6.99 (3.43 to 14.24)
19.21 (5.89 to 62.72)
1.35 (0.52 to 3.54)

1.34 (0.38 t0 4.79)
2.61 (0.81 t0 8.37)
3.54 (1.15 to 10.89)
5.19 (2.68 to 10.06)
1.97 (0.24 to 16.23)
7.11 (0.91 to 55.30)
0.87 (0.48 to 1.59)
1.60 (0.79 to 3.27)

2.83 (0.54 to 14.77)
0.93 (0.11 t0 8.07)

40.07 (14.26 to 112.59)

0.78 (0.36 to 1.69)
0.55 (0.24 to 1.23)
1.03 (0.55 to 1.92)
0.36 (0.17 to 0.76)
2.08 (1.08 to 3.99)
3.57 (1.47 to 8.68)
8.01 (1.61 to 39.94)
0.81 (0.26 t0 2.56)

1.16 (0.45 to 3.03)
0.66 (0.20 t0 2.12)
1.57 (0.63 to 3.94)
1.17 (0.48 to 2.87)
1.82 (0.52 to 6.34)
1.55 (0.39 t0 6.22)
1.26 (0.67 to 2.39)
2.54 (1.20 to 5.37)

0.49 (0.06 t0 3.73)
0.33 (0.04 t0 2.52)
0.84 (0.11 to 6.43)

3.55 (1.05 to 11.97)
3.91 (1.11 to 13.84)
0.90 (0.33 to 2.48)
0.31 (0.10 to 0.93)
0.60 (0.24 to 1.55)
0.38 (0.11 to 1.35)
0.49 (0.04 t0 6.74)
0.49 (0.07 to 3.59)

0.44 (0.05 to 3.50)
0.35 (0.05 to 2.38)
0.34 (0.06 t0 2.02)
0.22 (0.07 to 0.77)
1.32 (0.10 to 18.26)
0.36 (0.03 t0 4.92)
1.17 (0.37 to 3.76)
1.67 (0.43 to 6.51)

0.19 (0.01 to 2.60)
0.38 (0.02 t0 8.07)
0.02 (0.00 to 0.17)



Table 2. Frequency, odds ratio (OR) and corresponding 95% confidence intervals (Cl) of patient
characteristics among BRCA carriers identified versus not identified through selective clinical screening.
* Adjusted for year of diagnosis (2001-2004, 2005-2008). 1 Adjusted for year of diagnosis and gene (BRCAL,
BRCAZ2). £ Adjust for year of diagnosis, gene and age at diagnosis (<50, 50-59, =60).

Not identified by Identified by
selective testing  selective testing

Patient characteristic

OR (95% CIy*

OR (95% Clyt

OR (95% CI)}

(n=57) (n=35)

n (%) n (%)
Gene, *unadjusted
BRCA1 23 (40.4) 27 (77.1) 1.00 (Reference)
BRCA2 34 (59.6) 8(22.9) 0.20 (0.08 to 0.52)
Age at diagnosis, *unadjusted
<50 15 (26.3) 22 (62.9) 1.00 (Reference)
50-59 20 (35.1) 8(22.9) 0.27 (0.10 t0 0.78)
260 22 (38.6) 5(14.3) 0.15 (0.05 to 0.50)
Year of diagnosis, *unadjusted
2001-2004 26 (45.6) 12 (34.3) 1.00 (Reference)
2005-2008 31 (54.4) 23 (65.7) 1.61 (0.67 to 3.84)
Education
University 29 (50.9) 21 (60.0) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Intermediate 12 (21.1) 9(25.7) 1.06 (0.37 to 2.98) 1.40 (0.45 to 4.39) 2.08 (0.59 to 7.40)
Elementary 7 (12.3) 0 (0.0) -
Other 9(15.8) 5(14.3) 0.78 (0.23 to 2.68) 0.65 (0.17 to 2.46) 1.63 (0.35 to 7.66)
Age at menarche in years
<13 21 (36.8) 7 (20.0) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
213 36 (63.2) 28 (80.0) 2.17 (0.79 t0 5.94) 2.99 (1.00 to 8.94) 4.12 (1.19 to 14.26)
Menopause status before breast cancer diagnosis
Premenopause 14 (24.6) 23 (65.7) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Postmenopause 43 (75.4) 12 (34.3) 0.17 (0.07 to 0.44) 0.17 (0.06 to 0.45) 0.18 (0.03 to 1.25)
BMI in kg/m?
<25 29 (50.9) 24 (68.6) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
225 27 (47.4) 11 (31.4) 0.52 (0.21t0 1.27) 0.42 (0.16 t0 1.12) 0.32 (0.11 to 0.94)
Missing 1(1.8) 0 (0.0)
Percentage mammographic density
<25 22 (38.6) 10 (28.6) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
225 16 (28.1) 14 (40.0) 1.97 (0.69 to 5.62) 1.54 (0.51 to 4.69) 0.93(0.27 t0 3.21)
Missing 19 (33.3) 11 (31.4)
Number of children
0 12 (21.1) 3(8.6) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
1 13 (22.8) 7 (20.0) 2.39(0.491t011.65) 2.64 (0.50 to 13.83) 5.34 (0.84 to 33.79)
2 22 (38.6) 14 (40.0) 2.91(0.68t012.53) 3.12 (0.68 to 14.24) 4.76 (0.89 to 25.43)
23 10 (17.5) 11 (31.4) 4.64 (1.00t021.66) 4.69 (0.93t0 23.60)  10.55 (1.62 to 68.68)
HRT ever
No 34 (59.6) 25 (71.4) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 21 (36.8) 10 (28.6) 0.61 (0.24 to 1.54) 0.45 (0.16 to 1.24) 0.84 (0.26 to 2.70)
Missing 2(3.5) 0(0.0)
Oral contraceptives ever
No 19 (33.3) 5(14.3) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 37 (64.9) 30 (85.7) 3.04 (1.01 to 9.15) 2.90 (0.91 t0 9.24) 2.36 (0.71 to 7.85)
Missing 1(1.8) 0 (0.0)
Family history of breast cancer
No 37 (64.9) 18 (51.4) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 20 (35.1) 17 (48.6) 1.84 (0.77 to 4.39) 1.58 (0.63 to 3.99) 1.46 (0.54 to 3.90)
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Family history of ovarian cancer
No
Yes

Ovarian cancer
No
Yes

Other malignant cancer
No
Yes

50 (87.7)
7 (12.3)

51 (89.5)
6 (10.5)

48 (84.2)
9 (15.8)

24 (68.6)
11 (31.4)

31 (88.6)
4(11.4)
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1.00 (Reference)
3.11 (1.06 to 9.09)

1.00 (Reference)
0.60 (0.11 to 3.26)

1.00 (Reference)
0.76 (0.21 to 2.75)

1.00 (Reference)
2.87 (0.91t09.11)

1.00 (Reference)
0.37 (0.06 t0 2.17)

1.00 (Reference)
0.54 (0.14 t0 2.12)

1.00 (Reference)
3.41 (0.99to 11.73)

1.00 (Reference)
0.46 (0.07 to 3.01)

1.00 (Reference)
0.66 (0.15 to 2.96)
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eTable 1. Exclusion criteria for genotyping experiment (Michailidou et al. ). Of the 5,715 women who consented to
genetic analyses of their blood samples, genotyping was successfully performed for 5,125 women. Of these, 5,122
had enough DNA remaining for targeted sequencing.

Exclusion criteria for genotyping experiment n
Concordant replicate - exclude lower call rate 116
Cryptic Duplicate 7
Extreme heterozygous 34
Call rate (<95%) 8
Male 1
Non-European 114
Phenotype data excluded 177
Relative pairs with different status 9
Relative pairs, exclude lower call rate 39
Unclear whether consented when data released in Jan 2012 69
Study duplicates with KARBAC sample 4
Genotype not received 12



eMETHODS

Details on targeted sequencing methodology used by the University of Cambridge (Fluidigm Access Array
method)

Targeted sequencing

Target-enriched sequencing libraries of germline DNA from 5,122 breast cancer patients were prepared at the
Centre for Cancer Genetic Epidemiology (University of Cambridge). Data used in this study were part of a larger effort
that included samples from other cohorts, as well as coding sequences and intron/exon boundaries for a total of 31
known or suspected breast cancer susceptibility genes, including BRCA1 and BRCA2. Assay design was conducted
as previously described 2. See eTable 2 (Data Supplement 2) for primer sequences and amplicon details.

Briefly, target sequence enrichment was performed using 48.48 Fluidigm Access Arrays according to the
manufacturer’s protocol (Fluidigm, South San Francisco, California, USA). Fluidigm D3 assay design software was
used to select primer pairs, which were multiplexed into pools selected for GC content and avoidance of off-target
primer-primer and primer-product complementarity. Target sequences were amplified with lllumina sequencing
adaptors and one of 1,536 unique sample barcodes (supplied by Fluidigm, South San Francisco, California, USA).
Robotic liquid handling and barcode plate identification were used in all steps of the library preparation process. Each
library of amplicons (eTable 2, Data Supplement 2) for 1,536 samples was quantified with the KAPA Library
Quantification Kit (KapaBiosystems, Boston, Massachusetts, USA) and then sequenced on the lllumina Hi-Seq 2500
instrument using v4 chemistry, according to the manufacturer’s protocol (lllumina, San Diego, California, USA). Each
library was sequenced 2-3 times to provide sufficient coverage.

Sequence data processing and quality control

Raw data in FASTQ format was received from the University of Cambridge. Paired-end sequencing reads
were aligned to the human genome reference sequence (hg19) using Burrows-Wheeler Aligner (version 0.7.12 3).
Aligned reads in SAM format were converted to BAM format and subsequently merged for each sample using
SAMtools (version 1.1 4). Read groups were assigned using Picard (version 1.119;
http://broadinstitute.github.io/picard). Genome Analysis Toolkit (GATK version 3.7.0;
https://software.broadinstitute.org/gatk/) was used for local insertion/deletion (indel) realignment and base quality
score recalibration, variant calling, SNP and indel parsing and for deriving quality and depth metrics 5. The mean read
depth across the coding sequences of BRCA1 and BRCA2 was 792.2 (standard deviation: 587.4) and 631 (standard
deviation:; 516), respectively. More than 90% of targeted bases had more than 15x coverage (94.8 [15.9] and 92.5
[20.4] for BRCA1 and BRCAZ2, respectively).

Genetic variants were called with Unified Genotyper using the default parameters except —mindelFrac 0.05.
SNPs and indels with low variant confidence/quality by depth (QD<2) and low approximate read depth (DP<10) were
removed. Filter-based annotation of variants were performed using ANNOVAR 8. A total of 5,099 samples with valid
variant calls were included in the final analytical dataset.

Details on targeted sequencing methodology used by the Department of Oncology, Lund University (modified
SureSelect hybrid selection method)

The clinical mutation screening was performed using the most sensitive methods available for comprehensive
detection of all classes of genetic variants known to affect BRCA1 and BRCA2. Targeted sequencing libraries were
prepared using a modified SureSelect hybrid selection method and a custom panel targeting 64 genes including
complete BRCAL and BRCAZ2 loci (exons and introns) and 100kb up- and downstream. Specificity was ensured by
confirming all variants with Sanger sequencing on an independent DNA extraction from the patient blood sample.
Paired-end sequencing of the libraries was performed on a HiSeq 2500 (2x100bp) to an average depth of ~400 reads.
Until 2016, this was complemented with multiple ligation-dependent probe amplification (MLPA) for detection of
deletions and duplications affecting one or more complete exons. The lab now has validated bioinformatic methods for
detecting these variants directly from the sequencing data. Sensitivity estimated using a large collection of positive
control samples including all classes of known pathogenic variants is 100%. Before 2010, denaturing high
performance liquid chromatography (DHPLC) and MLPA was used. Together, the DHPLC and MLPA have a stated
sensitivity of 95%. Many of the samples tested before 2010 have been screened again using the latest methods.



eTable 3. Swedish Breast Cancer Group criteria for recommending BRCA1/2 testing.

Criterion Number
meeting
criterion

Three cases of breast cancer in first degree relatives, or second degree relatives thought a male, with at 79

least one diagnosed <50y, and/or ovarian cancer (regardless of age)

Two cases of breast cancer or ovarian cancer in first degree relatives, or second degree relatives 113

thought a male, with at least one case of breast cancer diagnosed <40y, or two cases of ovarian cancer

(regardless of age)

One case of breast cancer <35y 99

One case of triple-negative breast cancer <40y 20

One case of male breast cancer NA

Breast cancer and ovarian cancer in one individual 44

Cases of bilateral breast cancer, prostate cancer, and pancreatic cancer may strengthen the indication NA

for screening of pathogenic variants in BRCAL1 and BRCA2, but are not defined in any specific criterion

Total 298




eTable 4. Description of BRCA1 (NM_007294.3) pathogenic variants.

Exon cDNA Change AA Change Variant Classification  BIC Nomenclature Note n
2 c.68_69delAG p.E23fs frameshift deletion 185_186delAG,185delAG,187delAG Founder mutation in Ashkenazi Jews 7 3
5 c.181T>G p.C61G nonsynonymous SNV 300T>G Common mutation in Europe 8 1
7 €.302-2A>G - splice site - - 1
11 €.930delG p.Q310fs frameshift deletion 1049delG - 1
11 €.962G>A p.W321* stopgain W321X - 1
11 €.1082_1092delCAGAGAATCCT p.S361* stopgain 1201del1l Founder mutation common in Southern Sweden ° 5
11 ¢.1360_1361delAG p.S454* stopgain 1479delAG - 3
11 €.1504_1508delTTAAA p.L502fs frameshift deletion 1623_1627delTTAAA - 1
11 c.1772delT p.1591fs frameshift deletion 1891delT - 1
11 c.1961delA p.K654fs frameshift deletion 2080delA - 1
11 c.2184delA p.E729fs frameshift deletion - - 1
11 c.2475delC p.D825fs frameshift deletion 2594delC Swedish BRCA1 founder mutation 1° 2
11 €.3048_3052dupTGAGA p.N1018fs frameshift insertion 3166insTGAGA, p.Asn1018fs Founder mutation originating from West Coast of Sweden &1 8
11 c.3178G>T p.E1060* stopgain E1060X - 1
11 c.3485delA p.D1162fs frameshift deletion 3604delA Founder mutation in Finland 8 1
11 c.3607C>T p.R1203* stopgain 3726C>T - 1
11 c.3626delT p.L1209* stopgain 3745delT Founder mutation originating in Northern Sweden & 3
11 €.3700_3704delGTAAA p.V1234fs frameshift deletion 3819 _3823delGTAAA Frequent mainly in Middle and Eastern Europe and Canada 2 1
11 c.4035delA p.E1346fs frameshift deletion 4154delA Common mutation in Poland and Latvia & 2
13 c.4201C>T p.Q1401* stopgain - - 1
13 c.4327C>T p.R1443* stopgain 4446C>T - 1
17 ¢.5030_5033delCTAA p.T1677fs frameshift deletion 5149del4,5147del4,5146del4 - 1
18 ¢.5075-2A>C - splice site IVS17-2A>C - 1
18 ¢.5095C>T p.R1699W nonsynonymous SNV 5214C>T - 1
18 c.5123C>A p.A1708E nonsynonymous SNV 5242C>A - 1
19 ¢.5153-1G>C - splice site IVS18-1G>C - 2
20 ¢.5266dupC p.Q1756fs frameshift insertion 5382_5383insC,5382insC,5383insC,5384insC,5385insC ~ Founder mutation in Russia 13 3
21 c.5278-2A>T - splice site - - 1



eTable 5. Description of BRCA2 (NM_000059.3) pathogenic variants.

Exon cDNA Change AA Change Variant Classification  BIC Nomenclature Note n
10 €.805dupA p.T269fs frameshift insertion 1033insA,p.Thr269fs - 1
10 €.1310_1313delAAGA p.K437fs frameshift deletion 1537_1540delAAAG - 1
10 ¢.1796_1800delCTTAT p.S599* stopgain 2024_2028delCTTAT - 1
10 €.1813dupA p.1605fs frameshift insertion 2041_2042insA - 1
11 €.2179delT p.S727fs frameshift deletion - - 1
11 €.2376C>G p.Y792* stopgain - - 1
11 C.2476G>T p.E826* stopgain - - 1
11 c.2578delA p.1860fs frameshift deletion - - 1
11 €.2808_2811delACAA p.A938fs frameshift deletion 3036_3039delACAA - 1
11 €.3157_3163delTTAGATA  p.L1053fs frameshift deletion - - 1
11 €.3283C>T p.Q1095* stopgain - - 2
11 €.3847_3848delGT p.V1283fs frameshift deletion 4075_4076delGT - 1
11 c.3860delA p.N1287fs frameshift deletion 4088delA,4082delA - 1
11 ¢.3950delC p.T1317fs frameshift deletion - - 1
11 ¢.5073delA p.K1691fs frameshift deletion 5301delA - 3
11 ¢.5754_5755delTA p.H1918fs frameshift deletion - - 2
11 ¢.5823delA p.V1942fs frameshift deletion 6051delA - 1
11 c.5946delT p.S1982fs frameshift deletion 6174delT Founder mutation in Ashkenazi Jews 8 4
11 c.6444delT p.12149fs frameshift deletion - - 1
11 €.6486_6489delACAA p.K2162fs frameshift deletion 6714_6717delACAA - 2
14 €.7097dupT p.T2367fs frameshift insertion - - 1
14 €.7414_7415delAA p.K2472fs frameshift deletion 7642delAA - 1
15 €.7443delT p.T2482fs frameshift deletion 7671delT - 1
15 C.7480C>T p.R2494* stopgain 7708C>T - 1
15 C.7558C>T p.R2520* stopgain 7786C>T - 1
16 C.7618-1G>A - splice site IVS15-1G>A - 1
17 C.7974C>G p.Y2658* stopgain Y2658X - 1
19 €.8332-1G>A - splice site - - 1
20 c.8513T>G p.L2838* stopgain 8741T>G, p.Leu2838X - 1
22 C.8910G>A p.W2970* stopgain 9138G>A (W-X),p.Trp2970X - 1
23 €.9097delA p.T3033fs frameshift deletion - - 2
24 €.9118-2A>G - splice site IVS23-2A>G - 1
25 €.9403delC p.L3135fs frameshift deletion 9631delC - 1



eTable 6. Frequency, odds ratio (OR) and corresponding 95% confidence intervals (Cl) of patient characteristics
according to BRCA status. *Adjusted for age (<50, 50-59, 260) and year of diagnosis (2001-2004 and 2005-2008).

BRCA2 vs
. . Non-BRCA BRCA1 BRCA2 BRCA1 vs non-BRCA BRCA2 vs BRCA1
Patient characteristic _ = _ o . non-BRCA o .
(n=5,007) (n=50) (n=42) OR (95% ClI) OR (95% CI)* OR (95% CI)
Age at study entry, years (mean, SD) 63.4 (9.9) 54.9 (12.6) 58.6 (9.4)

Age at diagnosis, years (mean, SD) 58.6 (9.9) 50.3 (12.4) 54.0 (9.5)

Age at diagnosis, years (unadjusted)

<50 887 (17.7) 24 (48.0) 13 (31.0) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
50-59 1666 (33.3) 13 (26.0) 15 (35.7) 0.29 (0.15 to 0.57) 0.61 (0.29 to 1.30) 2.13 (0.78 t0 5.81)
260 2454 (49.0) 13 (26.0) 14 (33.3) 0.20 (0.10 to 0.39) 0.39 (0.18 to 0.83) 1.99 (0.72 to 5.47)

Year of diagnosis (unadjusted)
2001-2004 2325 (46.4) 19 (38.0) 19 (45.2) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
2005-2008 2682 (53.6) 31(62.0) 23 (54.8) 1.41 (0.80 to 2.51) 1.05 (0.57 to 1.93) 0.74 (0.32t0 1.71)

Education
University 2113 (42.2) 29 (58.0) 21 (50.0) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Intermediate 1116 (22.3) 9 (18.0) 12 (28.6) 0.60 (0.28 to 1.27) 1.09 (0.53 to 2.23) 1.51 (0.52 to 4.42)
Elementary 753 (15.0) 3(6.0) 4(9.5) 0.48 (0.14 to 1.63) 0.66 (0.22 to 1.96) 1.10 (0.20 to 6.02)
Other 961 (19.2) 9 (18.0) 5(11.9) 1.05 (0.48 to 2.29) 0.63 (0.23 t0 1.72) 0.50 (0.13 to 1.89)
Missing 64 (12.8) 0 (0.0) 0 (0.0)

Age at menarche, years
<13 1592 (31.8) 17 (34.0) 11 (26.2) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
213 3263 (65.2) 33 (66.0) 31 (73.8) 1.12 (0.62 to 2.03) 1.52 (0.76 to 3.06) 1.51 (0.58 to 3.89)
Missing 152 (3.0) 0(0.0) 0 (0.0)

BMI, kg/m?
<25 2644 (52.8) 28 (56.0) 25 (59.5) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
225 2275 (45.4) 22 (44.0) 16 (38.1) 1.03 (0.58to 1.81) 0.79 (0.42 to 1.49) 0.84 (0.35 to 2.00)
Missing 88 (1.8) 0 (0.0) 1(2.4)

Percentage mammographic density
<25 2362 (47.2) 15 (30.0) 17 (40.5) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
225 1507 (30.1) 20 (40.0) 10 (23.8) 1.34 (0.66 to 2.75) 0.73 (0.32 to 1.65) 0.52 (0.18 to 1.53)
Missing 1138 (22.7) 15 (30.0) 15 (35.7)

Number of children
0 814 (16.3) 8 (16.0) 7 (16.7) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
1 887 (17.7) 10 (20.0) 10 (23.8) 1.26 (0.49to 3.21) 1.37 (0.52to 3.62) 0.96 (0.24 to 3.85)
2 2145 (42.8) 19 (38.0) 17 (40.5) 0.98 (0.43t0 2.26) 0.96 (0.40 to 2.33) 0.95 (0.27 to 3.31)
>3 1130 (22.6) 13 (26.0) 8 (19.0) 1.36 (0.56 to 3.31) 0.89 (0.32to 2.48) 0.64 (0.16 to 2.54)
Missing 31 (0.6) 0(0.0) 0(0.0)

HRT ever
No 2208 (44.1) 30 (60.0) 29 (69.0) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 2694 (53.8) 20 (40.0) 11 (26.2) 1.02 (0.53 to 1.94) 0.36 (0.17 to 0.75) 0.36 (0.13 to 1.00)
Missing 105 (2.1) 0 (0.0) 2 (4.8)

Oral contraceptives ever
No 1285 (25.7) 11 (22.0) 13 (31.0) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 3663 (73.2) 39 (78.0) 28 (66.7) 0.87 (0.43 t0 1.75) 0.58 (0.29 to 1.16) 0.67 (0.26 to 1.75)
Missing 59 (1.1) 0(0.0) 1(2.4)

Ovarian cancer
No 4971 (99.3) 44 (88.0) 40 (95.2) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 36 (0.7) 6 (12.0) 2 (4.8) 28.02 (10.72t0 73.29)  8.11 (1.87 to 35.24) 0.27 (0.05 to 1.50)

Any malignant cancer, not breast
No 4494 (89.8) 41 (82.0) 38 (90.5)
Yes 513 (10.2) 9 (18.0) 4(9.5) 2.93 (1.37 to 6.27) 1.12 (0.39 to 3.20) 0.39 (0.10 to 1.44)



Family history of breast cancer
No
Yes
Missing

Family history of ovarian cancer
No
Yes
Missing

Breast cancer in mother
No
Yes
Missing

Age at breast cancer diagnosis in mother
<50
259
Missing

Ovarian cancer in mother
No
Yes
Missing

Ovarian cancer in sister
No
Yes
Missing

3948 (78.8)
916 (18.3)
143 (2.9)

4753 (94.9)
231 (4.6)
23 (0.5)

4392 (87.7)
579 (11.6)
36 (0.7)

92 (15.9)
446 (77.0)
43 (7.4)

4822 (96.3)
149 (3.0)
36 (0.7)

4885 (97.6)
86 (1.7)
36 (0.7)

27 (54.0)
23 (46.0)
0(0.0)

38 (76.0)
12 (24.0)
0(0.0)

29 (58.0)
21 (42.0)
0(0.0)

11 (52.4)
9 (42.9)
1(4.8)

39 (78.0)
11 (22.0)
0(0.0)

48 (96.0)
2 (4.0)
0(0.0)

28 (66.7)
14 (33.3)
0(0.0)

36 (85.7)
6 (14.3)
0(0.0)

32 (76.2)
10 (23.8)
0(0.0)

4(40.0)
6 (60.0)
0(0.0)

36 (85.6)
6 (14.3)
0(0.0)

42 (100.0)
0(0.0)
0(0.0)

1.00 (Reference)
4.00 (2.27 to 7.05)

1.00 (Reference)
7.53(3.82t0 14.82)

1.00 (Reference)
5.17 (2.92 to 9.17)

1.00 (Reference)
0.20 (0.08 to 0.50)

1.00 (Reference)
9.82 (4.85to0 19.89)

1.00 (Reference)
3.23(0.76 to 13.76)

1.00 (Reference)
2.23 (1.17 to 4.26)

1.00 (Reference)
3.62(1.50 to 8.71)

1.00 (Reference)
2.29 (1.12to 4.68)

1.00 (Reference)
0.37 (0.10to 1.35)

1.00 (Reference)
5.44 (2.24to0 13.18)

1.00 (Reference)

1.00 (Reference)
0.60 (0.25 to 1.43)

1.00 (Reference)
0.52 (0.17 to 1.61)

1.00 (Reference)
0.47 (0.18 to 1.20)

1.00 (Reference)
2.05 (0.39to 10.67)

1.00 (Reference)
0.61 (0.20 to 1.86)

1.00 (Reference)



eTable 7. Frequency, odds ratio (OR) and corresponding 95% confidence intervals (CI) of tumor characteristics
according to BRCA status. *Adjusted for age (<50, 50-59, 260) and year of diagnosis (2001-2004 and 2005-2008).

Non-BRCA BRCA1 BRCA2 BRCA1lvs BRCA2vs BRCA2vs
Tumor characteristic (n=5,007) (n=50) (n=42) non-BRCA non-BRCA BRCA1
n (%) n (%) n (%) OR (95% Cl)* OR (95% Cl)* OR (95% CI)*
Type of breast cancer
Invasive 4470 (89.3) 48 (96.0) 42 (100.0) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Non-invasive 522 (10.4) 2(4.0) 0(0.0) 0.37 (0.09 to 1.53) - -
Missing 15 (0.3) 0(0.0) 0(0.0)
Detection mode
Screen-detected 1844 (36.8) 5(10.0) 12 (28.6) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Interval 768 (15.3) 5(10.0) 7 (16.7) 2.36 (0.68to 8.17) 1.39 (0.54 to 3.54) 0.63 (0.12 to 3.20
g:gﬁi:;;”;;;’;;‘gmg" without 911 (18.2) 8 (16.0) 4(9.5) 3.99 (1.26 to 12.66) 076 (0.2410 2.43)  0.22 (0.04 to 1.08)
Clinical cancer in women who had 1395 (27.9)  31(62.0) 19 (45.2) 5.20 (1.78 to 15.15) 177 (07310 4.29)  0.35 (0.08 to 1.49)
previous mammograms (i.e. interval >24 months)
Missing 89 (1.8) 1(2.0) 0(0.0)
Estrogen receptor status
Positive 3637 (72.6) 17 (34.0) 30 (71.4) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Negative 643 (12.8) 30 (60.0) 7 (16.7) 8.98 (4.90 to 16.46) 1.23 (0.54 to 2.82) 0.14 (0.05 to 0.39)
Missing 727 (14.5) 3(6.0) 5 (11.9)
Progesterone receptor status
Positive 2952 (59.0) 14 (28.0) 24 (57.1) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Negative 1252 (25.0) 33 (66.0) 13 (31.0) 6.06 (3.21 to 11.46) 1.33(0.67 to 2.63) 0.23 (0.09 to 0.60)
Missing 803 (16.0) 3(6.0) 5(11.9)
Grade
Well-differentiated 578 (11.5) 1(2.0) 3(7.1) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Moderately differentiated 1563 (31.2) 7 (14.0) 16 (38.1) 2.41(0.30to 19.66) 1.91(0.55t0 6.60)  0.80 (0.07 to 9.47)
Poorly differentiated 822 (16.4) 31 (62.0) 9 (21.4) 17.99 (2.44 to 132.70) 1.90 0.51t0 7.10)  0.11(0.01to 1.22)
Missing 2044 (40.8) 11 (22.0) 14 (33.3)
Tumor size (mm)
<20 3020 (60.3) 27 (54.0) 23 (54.8) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
220 1608 (32.1) 21 (42.0) 19 (45.2) 1.30 (0.73 to 2.32) 1.47 (0.80 to 2.72) 1.16 (0.46 to 2.89)
Missing 379 (7.6) 2(4.0) 0(0)
Nodal involvement
No 4503 (89.9) 39 (78.0) 32 (76.2) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 466 (9.3) 11 (22.0) 10 (23.8) 2.08 (1.04to 4.14) 2.71 (1.31to 5.62) 1.27 (0.46 to 3.54)
Missing 38 (0.8) 0(0.0) 0(0.0)
Proliferation level (Ki67)
Low (<20%) 923 (18.4) 5(10.0) 11 (26.2) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
High (220%) 736 (14.7) 20 (40.0) 7 (16.7) 4.25 (1.58 to 11.44) 0.72(0.28t0 1.88)  0.18 (0.04 to 0.74)
Missing 3348 (66.9) 25 (50.0) 24 (57.1)
Molecular subtypes
Luminal A 1212 (24.2) 5(10.0) 15 (35.7) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Luminal B 156 (3.1) 2 (4.0) 1(2.4) 2.83(0.54t0 14.77) 0.49 (0.06t0 3.73)  0.19 (0.01to 2.60)
HER2-enriched 214 (4.3) 1(2.0) 1(2.4) 0.93(0.11to 8.07) 0.33(0.04t0 252) 0.38(0.02to 8.07)
Basal-like 84 (1.7) 17 (34.0) 1(2.4) 40.07 (14.26 to 112.59)  0.84(0.11to 6.43)  0.02 (0.00to 0.17)
Missing 3341 (66.7) 25 (50.0) 24 (57.1)



eTable 8. Frequency, odds ratio (OR) and corresponding 95% confidence intervals (CI) of tumor characteristics
among BRCA carriers identified versus not identified through selective clinical screening. * Adjusted for year of
diagnosis (2001-2004, 2005-2008). Tt Adjusted for year of diagnosis and gene (BRCA1, BRCA2). t Adjust for year of

diagnosis, gene and age at diagnosis (<50, 50-59, =60).

Not identified by Identified by
Tumor characteristic Se'ecg:’:e&.’%s“”g Se'ecg";gs“”g OR (95% CI)* OR (95% Clyt OR (95% Clyt
n (%) n (%)
Type of breast cancer
Invasive 56 (98.2) 34 (97.1) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Non-invasive 1(1.8) 1(2.9) 2.27 (0.13t0 39.73) 1.11 (0.06 to 20.11) 1.44 (0.06 to 37.74)
Detection mode
Screen-detected 14 (24.6) 3(8.6) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Interval 8 (14.0) 4(11.4) 2.56 (0.44 to 14.85) 2.24 (0.34 t0 14.73) 1.56 (0.21 to 11.33)
Clinical cancer in women without previous mammograms 10 (17.5) 2(5.7) 0.79 (0.11t0 5.72) 0.41 (0.05 to 3.37) 0.48 (0.06 to 4.06)
Clinical cancer in women who had previous mammograms 24 (42.1) 26 (74.3) 5.52 (1.38 to 22.18) 3.85(0.88 to 16.87) 1.88 (0.32to 11.01)
Missing 1(1.8) 0(0.0)
Estrogen receptor
Positive 34 (59.6) 13 (37.1) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Negative 19 (33.3) 18 (51.4) 2.48 (0.99 to 6.19) 1.29 (0.45 to 3.68) 0.81 (0.25 t0 2.63)
Missing 4(7.0) 4(11.4)
Progesterone receptor
Positive 25 (43.9) 13(37.1) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Negative 27 (47.4) 19 (54.3) 1.30 (0.53 t0 3.19) 0.69 (0.24 t0 1.97) 0.46 (0.14 to 1.52)
Missing 5(8.8) 3(8.6)
Grade
Poorly-differentiated 20 (35.1) 20 (57.1) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Intermediate-differentiated 18 (31.6) 5(14.3) 0.28 (0.08 to 0.92) 0.48 (0.13t0 1.78) 0.67 (0.17 to 2.70)
Well-differentiated 4 (7.0) 0(0.0) -
Missing 15 (26.3) 10 (28.6)
Tumor size (mm)
<20 35 (61.4) 15 (42.9) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
220 16 (28.1) 17 (48.6) 2.48 (1.00 to 6.16) 2.91 (1.07 to 7.92) 2.15 (0.74 t0 6.24)
Missing 5(8.8) 2(5.7)
Nodal involvement
No 45 (78.9) 26 (74.3) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 12 (21.1) 9 (25.7) 1.40 (0.51 to 3.84) 1.53 (0.52 to 4.52) 1.15 (0.36 to 3.67)
Proliferation level (Ki67)
Low (<20%) 11 (19.3) 5(14.3) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
High (220%) 12 (21.1) 15 (42.9) 2.75 (0.75t0 10.11) 1.55 (0.37 t0 6.43) 0.80 (0.16 to 3.96)
Missing 34 (59.6) 15 (42.9)
Molecular subtypes
Luminal A 14 (24.6) 6 (17.1) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Luminal B 2(3.5) 1(2.9) 1.17 (0.09 to 15.46) 0.65 (0.04 to 9.93) 0.37 (0.02 to 6.64)
HER2-enriched 2(3.5) 0(0.0) - -
Basal-like 5(8.8) 13 (37.1) 6.07 (1.49 to 24.76) 2.54 (0.52t0 12.41) 1.49 (0.25 to 8.76)
Missing 34 (59.6) 15 (42.9)
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eTable 2. Primer sequences and amplicon details. Partially overlapping amplicons were tiled across the target regions with a maximum amplicon length (forward and reverse
primer length plus intervening unique sequence) of 200-bp. Primers were designed with melting temperature range 59.0-61.0 C. Each primer included an orientation-specific
tail sequence for subsequent ligation of adapter and barcode sequences.

Total
Assay amplicon
Gene/Chr Name Chr Start End Forward primer Reverse primer length GC % Amplicon Flag
gtgaAAAGGCTCTGAGAAAGTCGGCTGGCCTAAGTCTCAAGAACAGTCAT
TCATGGTGGAAGTGTTTGCTACCAAGTTTATTTGCAGTGTTAACAGCACA
BRCAL1_3_ ACACTGACGACATGGTTCTA TACGGTAGCAGAGACTTGGTCTG ACATTTACAAAACGTATTTTGTACAATCAAGTCTTCACTGCCCTTGCACA
UTR__exon CAgtgaAAAGGCTCTGAGAAA GACTGTTTATAGCTGTTGGAAGG CTGGGGGGGCTAGGGAAGACCTAGTCCTTCCAACAGCTATAAACAGTC One primer sits in the
BRCA1 24 1 17 41196256 41196454 GTCG A 199 45 C repeat region
CATTCATGGTGGAAGTGTTTGCTACCAAGTTTATTTGCAGTGTTAACAGC
BRCA1_3_ ACACTGACGACATGGTTCTA ACAACATTTACAAAACGTATTTTGTACAATCAAGTCTTCACTGCCCTTGCA
UTR__exon CACATTCATGGTGGAAGTGT TACGGTAGCAGAGACTTGGTCTT CACTGGGGGGGCTAGGGAAGACCTAGTCCTTCCAACAGCTATAAACAGT
BRCA1 24 2 17 41196303 41196500 TTGCT GCTTGCTGAAGGAAGAAAAAGTG 198 41 CCTGGATAATGGGTTTATGAAAAACACTTTTTCTTCCTTCAGCAAGCA
AGACCTAGTCCTTCCAACAGCTATAAACAGTCCTGGATAATGGGTTTATG
ACACTGACGACATGGTTCTA AAAAACACTTTTTCTTCCTTCAGCAAGCAAAATTATTTATGAAGCTGTATG
BRCA1_3U CAAGACCTAGTCCTTCCAAC TACGGTAGCAGAGACTTGGTCTA GTTTCAGCAACAGGGAGCAAAGGAAAAAAATCACCTCAAAGAAAGCAAC
BRCA1 TRB_3 17 41196422 41196600 AGCTA AATGACAGATCCCACCAGGAAG 179 39 AGCTTCCTTCCTGGTGGGATCTGTCATTT
CTGTATGGTTTCAGCAACAGGGAGCAAAGGAAAAAAATCACCTCAAAGA
ACACTGACGACATGGTTCTA TACGGTAGCAGAGACTTGGTCTA AAGCAACAGCTTCCTTCCTGGTGGGATCTGTCATTTTATAGATATGAAAT
BRCA1_3U CACTGTATGGTTTCAGCAAC GTAAAATGTTTATTGTTGTAGCTC ATTCATGCCAGAGGTCTTATATTTTAAGAGGAATGGATTATATACCAGAG
BRCA1 TRB_4 17 41196516 41196686 AGGGA TGG 171 36 CTACAACAATAAACATTTTACT
TGAAATATTCATGCCAGAGGTCTTATATTTTAAGAGGAATGGATTATATAC
BRCA1_3_ ACACTGACGACATGGTTCTA TACGGTAGCAGAGACTTGGTCTT CAGAGCTACAACAATAAACATTTTACTTATTACTAATGAGGAATTAGAAGA
UTR__exon CATGAAATATTCATGCCAGA TTGCTAGATTTCTAAAGAATGTGT CTGTCTTTGGAAACCGGTTCTTGAAAATCTTCTGCTGTTTTAGAACACAT
BRCA1 24 5 17 41196609 41196779 GGTCTT TCTAA 171 31 TCTTTAGAAATCTAGCAAA
BRCAL1_3_ ACACTGACGACATGGTTCTA AGAAATCTCTTCTAGtttcattttcctttttttttttttttttttgagccacagtctcactgtcacccaggctgg
UTR__exon CAAGAAATCTCTTCTAGTTTC TACGGTAGCAGAGACTTGGTCTC agtgccgtggtatgatcttggctcactgcaacctccacctcccgggetgaagtgattctectgecttagccacc  Two primers sits in the
BRCA1 24 6 17 41196796 41196982 ATTTTCCTTT GGTCATGGTGGTGGACA 187 49 tgagtagctgggattacaggtgtccaccaccatgaccg repeat region
BRCA1_3_ aggtgtccaccaccatgaccggctaatttct Jtagagatggggtttcaccatgttggccaggctg
UTR__exon ACACTGACGACATGGTTCTA TACGGTAGCAGAGACTTGGTCTA gtttcgaactcctgacctccagtgatctgcccaccttggectcccaaagtgctgggattacaggegtgagee Two primers sits in the
BRCA1 24 7 17 41196962 41197133 CAAGGTGTCCACCACCATGA AGGAAACTTGAAACCTGGGCAT 172 52 accatgcccagGTTTCAAGTTTCCTT repeat region
ccatgcccagGTTTCAAGTTTCCTTTTCATTTCTAATACCTGCCTCAGAATTTC
BRCA1_3_ CTCCCCAATGTTCCACTCCAACATTTGAGAACTGCCCAAGGACTATTCTG
UTR__exon ACACTGACGACATGGTTCTA TACGGTAGCAGAGACTTGGTCTG ACTTTAAGTCACATAATCGATCCCAAGCACTCTCCTTCCATTGAAGGGTC One primer sits in the
BRCA1 _24_8 17 41197109 41197273 CAccatgcccagGTTTCAAGTTT CAGAGAGTCAGACCCTTCAAT 165 45 TGACTCTCTGC repeat region
AACTGCCCAAGGACTATTCTGACTTTAAGTCACATAATCGATCCCAAGCA
BRCA1_3_ ACACTGACGACATGGTTCTA CTCTCCTTCCATTGAAGGGTCTGACTCTCTGCCTTTGTGAACACAGGGTT
UTR__exon CAAACTGCCCAAGGACTATT TACGGTAGCAGAGACTTGGTCTT TTAGAGAAGTAAACTTAGGGAAACCAGCTATTCTCTTGAGGCCAAGCCA
BRCA1 249 17 41197192 41197381 CTGAC CTATTCAGGCTGTTGTTGGCTT 190 46 CTCTGTGCTTCCAGCCCTAAGCCAACAACAGCCTGAATAGA
GGGAAACCAGCTATTCTCTTGAGGCCAAGCCACTCTGTGCTTCCAGCCC
BRCA1_3_ ACACTGACGACATGGTTCTA TAAGCCAACAACAGCCTGAATAGAAAGAATAGGGCTGATAAATAATGAAT
UTR__exon CAGGGAAACCAGCTATTCTC TACGGTAGCAGAGACTTGGTCTG CAGCATCTTGCTCAATTGGTGGCGTTTAAATGGTTTTAAAATCTTCTCAG
BRCA1 _24_10 17 41197309 41197497 TTGAGG GAAATCTGCCATGAGCACAAAA 189 41 GTGAAAAATTACCATAATTTTGTGCTCATGGCAGATTTCC
AGCCAACAACAGCCTGAATAGAAAGAATAGGGCTGATAAATAATGAATC
AGCATCTTGCTCAATTGGTGGCGTTTAAATGGTTTTAAAATCTTCTCAGG
BRCA1_3_ ACACTGACGACATGGTTCTA TGAAAAATTACCATAATTTTGTGCTCATGGCAGATTTCCAAGGGAGACTT
UTR__exon CAAGCCAACAACAGCCTGAA TACGGTAGCAGAGACTTGGTCTC CAAGCAGAAAATCTTTAAGGGACCCTTGCATAGCCAGAAGTCCTTTTCA
BRCA1 24 11 17 41197360 41197558 TAGAA TGAAAAGGACTTCTGGCTATGC 199 39 G
GCAGATTTCCAAGGGAGACTTCAAGCAGAAAATCTTTAAGGGACCCTTG
BRCA1_3_ ACACTGACGACATGGTTCTA CATAGCCAGAAGTCCTTTTCAGGCTGATGTACATAAAATATTTAGTAGCC
UTR__exon CAGCAGATTTCCAAGGGAGA  TACGGTAGCAGAGACTTGGTCTA AGGACAGTAGAAGGACTGAAGAGTGAGAGGAGCTCCCAGGGCCTGGAA
BRCA1 24 12 17 41197488 41197682 CTTCA CAGGTACAGAGCCACAGGA 195 48 AGGCCACTTTGTAAGCTCATTCTTGGGGTCCTGTGGCTCTGTACCTGT
TAGCCAGGACAGTAGAAGGACTGAAGAGTGAGAGGAGCTCCCAGGGCC
TGGAAAGGCCACTTTGTAAGCTCATTCTTGGGGTCCTGTGGCTCTGTAC
ACACTGACGACATGGTTCTA CTGTGGCTGGCTGCAGTCAGTAGTGGCTGTGGGGGATCTGGGGTATCA Assays designed by
BRCA1_3U CATAGCCAGGACAGTAGAAG  TACGGTAGCAGAGACTTGGTCTG GGTAGGTGTCCAGCTCCTGGCACTGGTAGAGTGCTACACTGTCCAACAC  relax mode and have no
BRCA1 TRA 3 17 41197582 41197779 GACTG TGGGTGTTGGACAGTGTAGC 198 57 CCAC off-target hits
ATCTGGGGTATCAGGTAGGTGTCCAGCTCCTGGCACTGGTAGAGTGCTA
ACACTGACGACATGGTTCTA CACTGTCCAACACCCACTCTCGGGTCACCACAGGTGCCTCACACATCTG Assays designed by
CAATCTGGGGTATCAGGTAG TACGGTAGCAGAGACTTGGTCTC CCCAATTGCTGGAGACAGAGAACACAAGCAGAGATTAGTGTCAATTCAT relax mode and have no
BRCA1 BRCA1_1 17 41197714 41197895 GTGTC CTGGAGTCGATTGATTAGAGCC 182 52 TCTCCTGGACTAGGCTCTAATCAATCGACTCCAGG off-target hits
tgccaagaactgtgctactcaagcaccaggtaatgagtgataaaccaaacccatgcaaaagGACCC
ACACTGACGACATGGTTCTA CATATAGCACAGGTACATGCAGGCACCTTACCATGGAAGCCATTGTCCT
CATGCCAAGAACTGTGCTAC TACGGTAGCAGAGACTTGGTCTT CTGTCCAGGCATCTGGCTGCACAACCACAATTGGGTGGACACCCTGGAT  One primer sits in the
BRCA1 BRCA1_2 17 41199563 41199750 TCAAG TGAATGCTCTTTCCTTCCTGGG 188 51 CCCCAGGAAGGAAAGAGCATTCAA repeat region
GGTGCCAGTCTTGCTCACAGGAGAGAATATTGTGTCCTCCCTCTCTGAC
AGGGCACCCAATACTTACTGTGCCAAGGGTGAATGATGAAAGCTCCTTC
ACACTGACGACATGGTTCTA ACCACAGAAGCACCACACAGCTGTACCATCCATTCCAGTTGATCTAAAAT
CAGGTGCCAGTCTTGCTCAC TACGGTAGCAGAGACTTGGTCTG GGACATTTAGATGTAAAATCACTGCAGTAATCTGCATACTTAACCCAGGC
BRCA1 BRCA1_3 17 41201071 41201269 AG GCCTGGGTTAAGTATGCAGAT 199 47 C



BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1_4

BRCAL_5

BRCAL_6

BRCA1_7

BRCAL_8

BRCA1L_Intr
on_16_1

BRCA1L_Intr
on_16_2

BRCA1L_Intr
on_16_3

BRCA1_Intr

on_16_4

BRCAL_9

BRCA1_10

BRCA1L_11

BRCA1L_12

BRCA1_13

BRCA1_14

BRCA1_15

BRCA1_16

BRCA1L_Intr
on_13_1

BRCAL_lIntr
on_13_2

17

17
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17

17

17

17

17

17

17

17

41202996

41208999

41215258

41215830

41219582

41220845

41220960

41221006

41221097

41222884

41222991

41223105

41226290

41226396

41228395

41228496

41231286

41231398

41231492

41203184

41209195

41215442

41216019

41219777

41221039

41221131

41221202

41221291

41223082

41223181

41223287

41226486

41226580

41228576

41228684

41231459

41231595

41231689

ACACTGACGACATGGTTCTA
CACCCATCGTGGGATCTTGC
TTAT

ACACTGACGACATGGTTCTA
CACTCTGCAAAGGGGAGTG
GAATAC

ACACTGACGACATGGTTCTA
CAGAAAGTGGTGCATTGATG
GAAGG

ACACTGACGACATGGTTCTA
CAGGTGTAAAAATGCAATTC
TGAGGTGT

ACACTGACGACATGGTTCTA
CATATGCAGCAGATGCAAGG
TATTC

ACACTGACGACATGGTTCTA
CACGTAAGAAGGCTTAGAAG
GGGTTC

ACACTGACGACATGGTTCTA
CAATTATGGGCACAGTTGAC
CTAGC

ACACTGACGACATGGTTCTA
CAACTTTGTTTACCAAGGGC
CATCA

ACACTGACGACATGGTTCTA
CAGGCCATCTTTCTTTCATGT
TGCC

ACACTGACGACATGGTTCTA
CAAACTCTTTCCAGAATGTT
GTTAAGTC

ACACTGACGACATGGTTCTA
CATTGACCCTTTCTGTTGAA
GCTGT

ACACTGACGACATGGTTCTA
CATCTGCAACTTTCAATTGG
GGAAC

ACACTGACGACATGGTTCTA
CAATGTAGGATTCAGAGTAA
AATCAAAGTG

ACACTGACGACATGGTTCTA
CACAGACTCTTCCAGCTGTT
GCT

ACACTGACGACATGGTTCTA
CATGCCTGTATGCAAAAAAC
TGGAG

ACACTGACGACATGGTTCTA
CAGTTTCTTACCTTTCCACTC
CTGGT

ACACTGACGACATGGTTCTA
CAGCCAGAACCACCATCTTT
CAGTA

ACACTGACGACATGGTTCTA
CATGGCCATGTATATGCGAA
TCTGT
ACACTGACGACATGGTTCTA
CATGGCAAAACTGGAAAAGT
CTACA

TACGGTAGCAGAGACTTGGTCTT
TTTCCTTCTCTCCATTCCCCTG

TACGGTAGCAGAGACTTGGTCTT
CTCTTTCTCTTATCCTGATGGGT

TACGGTAGCAGAGACTTGGTCTA
AGAGCACGTTCTTCTGCTGTAT

TACGGTAGCAGAGACTTGGTCTT
CCTGATTTTGTTTTCAACTTCTAA
TCC

TACGGTAGCAGAGACTTGGTCTA
ACTAGTATTCTGAGCTGTGTGC

TACGGTAGCAGAGACTTGGTCTT
GGCTAGTAAATGATGGCCCTTG

TACGGTAGCAGAGACTTGGTCTA
GTATGGAGTGAGGCAACATGAA

TACGGTAGCAGAGACTTGGTCTC
GGAGGGTGGTAGCAAAAGG

TACGGTAGCAGAGACTTGGTCTT
TCAGCAGTTCAGCATTGCTCTT

TACGGTAGCAGAGACTTGGTCTG
CTCATACTACTGATACTGCTGGG

TACGGTAGCAGAGACTTGGTCTG
CCCCAGAGTCAGCTCGT

TACGGTAGCAGAGACTTGGTCTT
GTGTAAATTAAACTTCTCCCATTC
CT

TACGGTAGCAGAGACTTGGTCTT
GCTCTGGGAGTCTTCAGAATAGA

TACGGTAGCAGAGACTTGGTCTC
AATTGGTGGCGATGGTTTTCTC

TACGGTAGCAGAGACTTGGTCTC
CTTTCTGCTGACAAGTTTGAGG

TACGGTAGCAGAGACTTGGTCTT
CACTATCAGAACAAAGCAGTAAA
GT

TACGGTAGCAGAGACTTGGTCTA
GTACCCGTTCCCTTGATGTCTA

TACGGTAGCAGAGACTTGGTCTT
CAATACGCACATTAATTCTCTTGG
C

TACGGTAGCAGAGACTTGGTCTC
CACGTACCTTTCTCTTTGGCTT

189

197

185

190

196

195

172

197

195

199

191

183

197

185

182

189

174

198

198

51

46

36

37

35

37

a4

49

a7

43

48

46

43

45

35

37

42

43

43

CCCATCGTGGGATCTTGCTTATAATACTCCACTATGTAAGACAAAGGCTG
GTGCTGGAACTCTGGGGTTCTCCCAGGCTCTTACCTGTGGGCATGTTGG
TGAAGGGCCCATAGCAACAGATTTCTAGCCCCCTGAAGATCTGGAAGAA
GAGAGGAAGAGAGAGGGACAGGGGAATGGAGAGAAGGAAAA
CTCTGCAAAGGGGAGTGGAATACAGAGTGGTGGGGTGAGATTTTTGTCA
ACTTGAGGGAGGGAGCTTTACCTTTCTGTCCTGGGATTCTCTTGCTCGC
TTTGGACCTTGGTGGTTTCTTCCATTGACCACATCTCCTCTGACTTCAAA
ATCATGCTGAAAGAAACCAAACACAACCCATCAGGATAAGAGAAAGAGA
GAAAGTGGTGCATTGATGGAAGGAAGCAAATACATTTTTAACTATATGAC
TGAATGAATATCTCTGGTTAGTTTGTAACATCAAGTACTTACCTCATTCAG
CATTTTTCTTTCTTTAATAGACTGGGTCACCCCTAAAGAGATCATAGAAAA
GACAGGTTACATACAGCAGAAGAACGTGCTCTT
GGTGTAAAAATGCAATTCTGAGGTGTTAAAGGGAGGAGGGGAGAAATAG
TATTATACTTACAGAAATAGCTAACTACCCATTTTCCTCCCGCAATTCCTA
GAAAATATTTCAGTGTCCGTTCACACACAAACTCAGCATCTGCAGAATGA
AAAACACTCAAAGGATTAGAAGTTGAAAACAAAATCAGGA
TATGCAGCAGATGCAAGGTATTCTGTAAAGGTTCTTGGTATACCTGTTTT
CATAACAACATGAGTAGTCTCTTCAGTAATTAGATTAGTTAAAGTGATGT
GGTGTTTTCTGGCAAACTTGTACACGAGCATCTGAAATTAAATCAAATAT
TCCATTATCATGAGTTACCTCTAGCACACAGCTCAGAATACTAGTT
CGTAAGAAGGCTTAGAAGGGGTTCATGTTCTTCCCCAAAGAAATTTAGA
GTCCTCTAGCTATTATCTATCAACCAAATAAAAATCAATAGGCAGCAAAA
GAAATTAACCAGATCAATTATGGGCACAGTTGACCTAGCTGGTAGGTATT
GTCTGATAAATAACTTTGTTTACCAAGGGCCATCATTTACTAGCCA
ATTATGGGCACAGTTGACCTAGCTGGTAGGTATTGTCTGATAAATAACTT
TGTTTACCAAGGGCCATCATTTACTAGCCATAGCCACAGCCACTCACAC
CAGTATTTACGTGTTGCACAATACTGCCATGAAGGTCAGGCCATCTTTCT
TTCATGTTGCCTCACTCCATACT
ACTTTGTTTACCAAGGGCCATCATTTACTAGCCATAGCCACAGCCACTCA
CACCAGTATTTACGTGTTGCACAATACTGCCATGAAGGTCAGGCCATCTT
TCTTTCATGTTGCCTCACTCCATACTGCCACAGGGCACTGAAAAAAGGC
AGGCTAGAGAAGCTAATGACATCCTCCCCCTTTTGCTACCACCCTCCG
GGCCATCTTTCTTTCATGTTGCCTCACTCCATACTGCCACAGGGCACTG
AAAAAAGGCAGGCTAGAGAAGCTAATGACATCCTCCCCCTTTTGCTACC
ACCCTCCGCCAGGATCATTAGCAATTCTGAACTGATTAATTGCTGAAATC
CCAGCCTTGAAACTGTTCAGTTAGAAGAGCAATGCTGAACTGCTGAA
AACTCTTTCCAGAATGTTGTTAAGTCTTAGTCATTAGGGAGATACATATG
GATACACTCACAAATTCTTCTGGGGTCAGGCCAGACACCACCATGGACA
TTCTTTTGTTGACCCTTTCTGTTGAAGCTGTCAATTCTGGCTTCTCCCTG
CTCACACTTTCTTCCATTGCATTATACCCAGCAGTATCAGTAGTATGAGC
TTGACCCTTTCTGTTGAAGCTGTCAATTCTGGCTTCTCCCTGCTCACACT
TTCTTCCATTGCATTATACCCAGCAGTATCAGTAGTATGAGCAGCAGCTG
GACTCTGGGCAGATTCTGCAACTTTCAATTGGGGAACTTTCAATGCAGA
GGTTGAAGATGGTATGTTGCCAACACGAGCTGACTCTGGGGC
TCTGCAACTTTCAATTGGGGAACTTTCAATGCAGAGGTTGAAGATGGTAT
GTTGCCAACACGAGCTGACTCTGGGGCTCTGTCTTCAGAAGGATCAGAT
TCAGGGTCATCAGAGAAGAGGCTGATTCCAGATTCCAGGTAAGGGGTTC
CCTCTGAAAGGAATGGGAGAAGTTTAATTTACACA
ATGTAGGATTCAGAGTAAAATCAAAGTGTTTGTTCCAATACAGCAGATGA
AATATTACCTAGATCTTGCCTTGGCAAGTAAGATGTTTCCGTCAAATCGT
GTGGCCCAGACTCTTCCAGCTGTTGCTCCTCCACATCAACAACCTTAAT
GAGCTCCTCTTGAGATGGGTAGTTTCTATTCTGAAGACTCCCAGAGCA
CAGACTCTTCCAGCTGTTGCTCCTCCACATCAACAACCTTAATGAGCTCC
TCTTGAGATGGGTAGTTTCTATTCTGAAGACTCCCAGAGCAACTGTGCAT
GTACCACCTATCATCTAATGATGGGCATTTAGAAGGGGATGACCTAGAA
AGATAAATGGAAGGAGAAAACCATCGCCACCAATTG
TGCCTGTATGCAAAAAACTGGAGAAAGTATGGTGAAAAAAATTAACAATC
AGAGTTCAATATAAATAAAGATGTCAGATACCACAGCATCTTTACATTGAT
GTTTCTTACCTTTCCACTCCTGGTTCTTTATTTTTACTGGTAGAACTATCT
GCAGACACCTCAAACTTGTCAGCAGAAAGG
GTTTCTTACCTTTCCACTCCTGGTTCTTTATTTTTACTGGTAGAACTATCT
GCAGACACCTCAAACTTGTCAGCAGAAAGGCCTTCTGGATTCTGGCTTA
TAGGGTATTCACTACTTTTCTGTGAAGTTAATACTGCTTTAAATGGAATGA
GAAAACAAATCTACTTTACTGCTTTGTTCTGATAGTGA
GCCAGAACCACCATCTTTCAGTAATTTGCCAAAATGACGAACACAAAGG
GAAAGAGGAGAGGCACCTGATATATGTTCTCTAGGCCTTTTAGAAAACAT
GGAGTTGTTCCTTTGGCCATGTATATGCGAATCTGTAAGAAAGGTGAAAT
TGTAGACATCAAGGGAACGGGTACT
TGGCCATGTATATGCGAATCTGTAAGAAAGGTGAAATTGTAGACATCAAG
GGAACGGGTACTGTTCAAAAAGGAATGCCCCACAAGTGTTACCATGGCA
AAACTGGAAAAGTCTACAACGTGACCCAGCATGCTGTTGGCATCGCTGT
AAACAAGTTAAGGGCAAGATTCTTGCCAAGAGAATTAATGTGCGTATTGA
TGGCAAAACTGGAAAAGTCTACAACGTGACCCAGCATGCTGTTGGCATC
GCTGTAAACAAGTTAAGGGCAAGATTCTTGCCAAGAGAATTAATGTGCG
TATTGAGCACATTAAACACTCTAAGAGCCAAGACAGCTTCCTGAAACGC

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits
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on_12__ regi
on_1 1

BRCA1L_Intr
on_12__ regi
on_1 2

BRCA1L_Intr
on_12_ regi
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BRCA1L_Intr
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BRCA1_19

BRCA1_20

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

41231596

41231671

41231760

41231851

41231905

41232004

41234313

41234442

41236576

41236708

41236803

41237464

41237543

41237628

41237700

41242903

41243373

41231778

41231869

41231936

41232048

41232081

41232201

41234511

41234625

41236770

41236884

41236999

41237643

41237725

41237825

41237896

41243101

41243569

ACACTGACGACATGGTTCTA
CAGCACATTAAACACTCTAA
GAGCCAA

ACACTGACGACATGGTTCTA
CACAAAGAGAAAGGTACGTG
GGTTC

ACACTGACGACATGGTTCTA
CAAGCAGCTGGAACCTATTC
CCTAT

ACACTGACGACATGGTTCTA
CATCATTCTATCACCAGAAC
ATTTAGCA

ACACTGACGACATGGTTCTA
CACCTCATGCAATGAAGCAA
ATAAGAT

ACACTGACGACATGGTTCTA
CATCCTTAATTCATTCTCTGA
ACAGCA

ACACTGACGACATGGTTCTA
CAGAGCAAGGATCATAAAAT
GTTGGAG

ACACTGACGACATGGTTCTA
CACTGGATTTCGCAGGTCCT
CAAG

ACACTGACGACATGGTTCTA
CAACTCTCCGTTTCTTCTTCT
GATCC

ACACTGACGACATGGTTCTA
CATCACAAAGGTTTCTACTG
CTACTCT

ACACTGACGACATGGTTCTA
CAACTGATCAAACCCTAGCC
AAAGT

ACACTGACGACATGGTTCTA
CATGCCATTAGGATAAAATT
CCTCAACA

ACACTGACGACATGGTTCTA
CACCCCTCACACAAGTTGTT
TTCCT

ACACTGACGACATGGTTCTA
CACTGCCACTCCTCTTTTTC
CACT

ACACTGACGACATGGTTCTA
CACCACCAGGAGGAGTTGT
GAAATA

ACACTGACGACATGGTTCTA
CACTACTGAATGCAAAGGAC
ACCAC

ACACTGACGACATGGTTCTA
CAATGTGCTCCCCAAAAGCA
TAAAC

TACGGTAGCAGAGACTTGGTCTG
GAATAGGTTCCAGCTGCTCA

TACGGTAGCAGAGACTTGGTCTT
GTTCTGGTGATAGAATGACTTTTC
TT

TACGGTAGCAGAGACTTGGTCTA
CAAGTTATCTTATTTGCTTCATTG
CAT

TACGGTAGCAGAGACTTGGTCTC
ACAAGGCTTAGGTTGGGCTT

TACGGTAGCAGAGACTTGGTCTT
TCCTAAACCAGCCAGCAAGTAG

TACGGTAGCAGAGACTTGGTCTT
GGCCCATACTTCCTATCCACAA

TACGGTAGCAGAGACTTGGTCTA
GCCAGCCTTCTAACAGCTAC

TACGGTAGCAGAGACTTGGTCTT
CATTTTCTTGGTGCCATTTATCGT

TACGGTAGCAGAGACTTGGTCTA
ATGGCATTGCTGCAGACCTT

TACGGTAGCAGAGACTTGGTCTC
CTGTGAAGCATTTTGGTCAGAT

TACGGTAGCAGAGACTTGGTCTT
TGGGAAACCCAAAGGAAAGTTA

TACGGTAGCAGAGACTTGGTCTA
AAAGAGGAGTGGCAGCAAGTAA

TACGGTAGCAGAGACTTGGTCTT
CATATTTCACAACTCCTCCTGGT

TACGGTAGCAGAGACTTGGTCTT
ATACACTCTGCTTCCCTCCAGA

TACGGTAGCAGAGACTTGGTCTA
TACACATGTTTTATGGGAAGGTTT
T

TACGGTAGCAGAGACTTGGTCTG
CAGCGTTTATAGTCTGCTTTTAC

TACGGTAGCAGAGACTTGGTCTC
AGTCTGAAAGCCAGGGAGTTG

183

199

177

198

177

198

199

184

195

177

197

180

183

198

197

199

197

48

41

32

35

37

39

43

46

40

46

40

a1

42

46

41

45

41

GTGAAGGAAAATGATCAGAAAAAGAAAGAAGCCAAAGAGAAAGGTACGT
GG
GCACATTAAACACTCTAAGAGCCAAGACAGCTTCCTGAAACGCGTGAAG
GAAAATGATCAGAAAAAGAAAGAAGCCAAAGAGAAAGGTACGTGGGTTC
AACTGAAGCACCAGCCTGCTCCACCCAGAGAAGCACACTTTGTGAGAAC
CAATGGGAAGGAGCCTGAGCAGCTGGAACCTATTCC
CAAAGAGAAAGGTACGTGGGTTCAACTGAAGCACCAGCCTGCTCCACC
CAGAGAAGCACACTTTGTGAGAACCAATGGGAAGGAGCCTGAGCAGCT
GGAACCTATTCCCTATGAATTCATGGCATAATAGGTGTTAAAAAAAAAAA
AAAAAGACCTTTGGACTGTAAAAAAAAAGAAAAGTCATTCTATCACCAGA
ACA
AGCAGCTGGAACCTATTCCCTATGAATTCATGGCATAATAGGTGTTAAAA
AAAAAAAAAAAAGACCTTTGGACTGTAAAAAAAAAGAAAAGTCATTCTAT
CACCAGAACATTTAGCATATAAATTCCTCTTCTTACTACAATGGGCCTCA
TGCAATGAAGCAAATAAGATAACTTGT
TCATTCTATCACCAGAACATTTAGCATATAAATTCCTCTTCTTACTACAAT
GGGCCTCATGCAATGAAGCAAATAAGATAACTTGTTAGAAGTTAACAACT
CAATAGAACCTGAAAAACAGAGCAAAACCTTTCTGCTTTTTTTTCTCCTTA
ATCCTTAATTCATTCTCTGAACAGCAAGCCCAACCTAAGCCTTGTG
CCTCATGCAATGAAGCAAATAAGATAACTTGTTAGAAGTTAACAACTCAA
TAGAACCTGAAAAACAGAGCAAAACCTTTCTGCTTTTTTTTCTCCTTAATC
CTTAATTCATTCTCTGAACAGCAAGCCCAACCTAAGCCTTGTGACATGAT
GATCTACTTGCTGGCTGGTTTAGGAA
TCCTTAATTCATTCTCTGAACAGCAAGCCCAACCTAAGCCTTGTGACATG
ATGATCTACTTGCTGGCTGGTTTAGGAAAGTCTAAATGCAGAGATCCAG
AGTCCAAGTTTCAGAATATTATTGTAGTTCCTCTTAAATCATTCCCTCATC
TAGATGTCTTAACATGTTACATTCTTTGTGGATAGGAAGTATGGGCCA
GAGCAAGGATCATAAAATGTTGGAGCTAGGTCCTTACTCTTCAGAAGGA
GATAAAGGGGAAGGAAAGAATTTTGCTTAAGATATCAGTGTTTGGCCAA
CAATACACACCTTTTTCTGATGTGCTTTGTTCTGGATTTCGCAGGTCCTC
AAGGGCAGAAGAGTCACTTATGATGGAAGGGTAGCTGTTAGAAGGCTG
GCT
CTGGATTTCGCAGGTCCTCAAGGGCAGAAGAGTCACTTATGATGGAAGG
GTAGCTGTTAGAAGGCTGGCTCCCATGCTGTTCTAACACAGCTTCTAGT
TCAGCCATTTCCTGCTGGAGCTTTATCAGGTTATGTTGCATGGTATCCCT
CTGCTTCAAAAACGATAAATGGCACCAAGAAAATGA
ACTCTCCGTTTCTTCTTCTGATCCTTAAAAATGACTTTGCCCTTTACTAAA
AACAAGCCATCTTCTTTCTCCTGCTACACTGAGTTCACAATTTTCAGGAG
GTTTTTATGACCAGAAAATGTATTCCTAGCTTCACAAAGGTTTCTACTGCT
ACTCTAACACTGCTTTGCTGCCAAGGTCTGCAGCAATGCCATT
TCACAAAGGTTTCTACTGCTACTCTAACACTGCTTTGCTGCCAAGGTCTG
CAGCAATGCCATTGCCACCACGTGGTACTCGTGAGTAGTTACATCACTG
ATCAAACCCTAGCCAAAGTCTTGCCTCAGTCAACCTGGAATGAAAGCAC
ATAGATATCTGACCAAAATGCTTCACAGG
ACTGATCAAACCCTAGCCAAAGTCTTGCCTCAGTCAACCTGGAATGAAA
GCACATAGATATCTGACCAAAATGCTTCACAGGCTGTATTAGTCACTACT
GTCACAACCATCACATCTAACCTCTACGTGGCCATTACATAAATCAGAAA
AAGTAGTGGGGTAATTATTAATAGATAACTTTCCTTTGGGTTTCCCAA
TGCCATTAGGATAAAATTCCTCAACATAGCATTCAAAAGGCCCTTTATAC
CCTGGTATTATCTCTCATTTCTCCCAACACCCCTCACACAAGTTGTTTTC
CTATAACACATGACAACTTTACGTTTCCTGGGAATTCCATGACTCTGTAC
CTTTACCTTACTTGCTGCCACTCCTCTTTT
CCCCTCACACAAGTTGTTTTCCTATAACACATGACAACTTTACGTTTCCT
GGGAATTCCATGACTCTGTACCTTTACCTTACTTGCTGCCACTCCTCTTT
TTCCACTTGGAAAAATTCTCATCTTTCAAGGCCTAGTTTGAATGTCTCCTT
AAGTCCCCACCAGGAGGAGTTGTGAAATATGA
CTGCCACTCCTCTTTTTCCACTTGGAAAAATTCTCATCTTTCAAGGCCTA
GTTTGAATGTCTCCTTAAGTCCCCACCAGGAGGAGTTGTGAAATATGAG
AAGTAAGGGCAAGTGGGCAGAATGTGGCTAATTCTAATAAGACTCCTGA
AATGTGCAGCAGAGCAGCCGGAACTGGTCTGGAGGGAAGCAGAGTGTA
TA
CCACCAGGAGGAGTTGTGAAATATGAGAAGTAAGGGCAAGTGGGCAGA
ATGTGGCTAATTCTAATAAGACTCCTGAAATGTGCAGCAGAGCAGCCGG
AACTGGTCTGGAGGGAAGCAGAGTGTATATCTGACCCTTGTTTGTTCAC
ATTCATTACATATAAATATATATATAAAACCTTCCCATAAAACATGTGTAT
CTACTGAATGCAAAGGACACCACACACACGCATGTGCACACACACACAC
GCTTTTTACCTGAGTGGTTAAAATGTCACTCTGAGAGGATAGCCCTGAG
CAGTCTTCAGAGACGCTTGTTTCACTCTCACACCCAGATGCTGCTTCAC
CTTAAATAACAAAAACAGAGGTTCAGATGTAAAAGCAGACTATAAACGCT
GC
ATGTGCTCCCCAAAAGCATAAACATTTAGCTCACTTCTATAAATAGACTG
GGGCAAACACAAAAACCTGGTTCCAATACCTAAGTTTGAATCCATGCTTT
GCTCTTCTTGATTATTTTCTTCCAAGCCCGTTCCTCTTTCTTCATCATCTG
AAACCAATTCCTTGTCACTCAGACCAACTCCCTGGCTTTCAGACTG

Assays designed by
relax mode and have no
off-target hits



BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1_21

BRCA1_22

BRCA1_23

BRCA1_24

BRCA1_25

BRCA1_26

BRCA1_27

BRCA1_28

BRCA1_29

BRCA1_30

BRCA1_31

BRCA1_32

BRCA1_33

BRCA1_34

BRCA1_35

BRCA1_36

BRCA1_37

BRCA1_38

BRCA1_39

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

41243485

41243604

41243699

41243852

41243949

41244007

41244115

41244171

41244266

41244375

41244473

41244586

41244648

41244742

41244864

41244947

41245044

41245154

41245246

41243674

41243793

41243897

41244044

41244145

41244197

41244295

41244361

41244448

41244557

41244671

41244763

41244841

41244940

41245040

41245144

41245232

41245339

41245433

ACACTGACGACATGGTTCTA
CATATTTTCTTCCAAGCCCGT
TCCT

ACACTGACGACATGGTTCTA
CAGGATCCTGGGTGTTTGTA
TTTGC

ACACTGACGACATGGTTCTA
CAATGTTCCTGAGATGCCTT
TGCC

ACACTGACGACATGGTTCTA
CAACCAAATAACAAGTGTTG
GAAGC

ACACTGACGACATGGTTCTA
CATGAGCCAAATGTGTATGG
GTGAA

ACACTGACGACATGGTTCTA
CACGCTTTTGCTAAAAACAG
CAGAAC

ACACTGACGACATGGTTCTA
CACCTGAGATGCATGACTAC
TTCCC

ACACTGACGACATGGTTCTA
CAGGAGAGAAATCTGTATTA
ACAGTCTGAAC

ACACTGACGACATGGTTCTA
CAATAGACCTCAGGTTGCAA
AACCC

ACACTGACGACATGGTTCTA
CAATACTGGAGCCCACTTCA
TTAGT

ACACTGACGACATGGTTCTA
CATGTGCTCACTGTACTTGG
AATGT

ACACTGACGACATGGTTCTA
CAACTTGATGGGAAAAAGTG
GTGGT

ACACTGACGACATGGTTCTA
CAGTAATGAGTCCAGTTTCG
TTGCC

ACACTGACGACATGGTTCTA
CACTTTCTGACCAACCACAG
GAAAG

ACACTGACGACATGGTTCTA
CATGTTTCTTTAAGGACCCA
GAGTG

ACACTGACGACATGGTTCTA
CACTGGCGCTTTGAAACCTT
GAAT

ACACTGACGACATGGTTCTA
CATGTCCCAATGGATACTTA
AAGCC

ACACTGACGACATGGTTCTA
CATGGTTCTGTTTTTGCCTTC
CCTA
ACACTGACGACATGGTTCTA
CATGCTACTCTCTACAGATC
TTTCAGTT

TACGGTAGCAGAGACTTGGTCTT
CTGCTAGCTTGTTTTCTTCACA

TACGGTAGCAGAGACTTGGTCTT
GTCTAAGAACACAGAGGAGAATT
TA

TACGGTAGCAGAGACTTGGTCTT
AGTGAGGATGAAGAGCTTCCCT

TACGGTAGCAGAGACTTGGTCTT
GACATTAAGGAAAGTTCTGCTGT
T

TACGGTAGCAGAGACTTGGTCTC
AGCCTATGGGAAGTAGTCATGC

TACGGTAGCAGAGACTTGGTCTT
CAGACTGTTAATACAGATTTCTCT
CCA

TACGGTAGCAGAGACTTGGTCTA
GATTAGGGGTTTTGCAACCTGA

TACGGTAGCAGAGACTTGGTCTT
CCAGTGATGAAAACATTCAAGCA

TACGGTAGCAGAGACTTGGTCTA
ATGTTTTTAAAGAAGCCAGCTCA

TACGGTAGCAGAGACTTGGTCTT
CTGCTAGAGGAAAACTTTGAGGA

TACGGTAGCAGAGACTTGGTCTA
GGCAACGAAACTGGACTCATTA

TACGGTAGCAGAGACTTGGTCTT
TTCCTGTGGTTGGTCAGAAAGA

TACGGTAGCAGAGACTTGGTCTT
GTGAACAAAAGGAAGAAAATCAA
GGA

TACGGTAGCAGAGACTTGGTCTG
CTCCGTTTTCAAATCCAGGAAA

TACGGTAGCAGAGACTTGGTCTA
GTTAACCACAGTCGGGAAACAA

TACGGTAGCAGAGACTTGGTCTG
TGAGTCAGTGTGCAGCATTTG

TACGGTAGCAGAGACTTGGTCTA
CCTGGTACTGATTATGGCACTC

TACGGTAGCAGAGACTTGGTCTA
CAGTTAAAGTGTCTAATAATGCTG
AAGA
TACGGTAGCAGAGACTTGGTCTA
CCTGGTTCTTTTACTAAGTGTTCA
AA

190

190

199

193

197

191

181

191

183

183

199

178

194

199

177

198

189

186

188

43

39

40

45

43

37

36

37

38

37

36

39

40

a1

42

40

41

40

36

TATTTTCTTCCAAGCCCGTTCCTCTTTCTTCATCATCTGAAACCAATTCCT
TGTCACTCAGACCAACTCCCTGGCTTTCAGACTGATGCCTCATTTGTTTG
GAAGAACCAATCAAGAAAGGATCCTGGGTGTTTGTATTTGCAGTCAAGT
CTTCCAATTCACTGCACTGTGAAGAAAACAAGCTAGCAGA
GGATCCTGGGTGTTTGTATTTGCAGTCAAGTCTTCCAATTCACTGCACTG
TGAAGAAAACAAGCTAGCAGAACATTTTGTTTCCTCACTAAGGTGATGTT
CCTGAGATGCCTTTGCCAATATTACCTGGTTACTGCAGTCATTTAAGCTA
TTCTTCAATGATAATAAATTCTCCTCTGTGTTCTTAGACA
ATGTTCCTGAGATGCCTTTGCCAATATTACCTGGTTACTGCAGTCATTTA
AGCTATTCTTCAATGATAATAAATTCTCCTCTGTGTTCTTAGACAGACACT
CGGTAGCAACGGTGCTATGCCTAGTAGACTGAGAAGGTATATTGTTTAC
TTTACCAAATAACAAGTGTTGGAAGCAGGGAAGCTCTTCATCCTCACTA
ACCAAATAACAAGTGTTGGAAGCAGGGAAGCTCTTCATCCTCACTAGAT
AAGTTCTCTTCTGAGGACTCTAATTTCTTGGCCCCTCTTCGGTAACCCTG
AGCCAAATGTGTATGGGTGAAAGGGCTAGGACTCCTGCTAAGCTCTCCT
TTCTGGACGCTTTTGCTAAAAACAGCAGAACTTTCCTTAATGTCA
TGAGCCAAATGTGTATGGGTGAAAGGGCTAGGACTCCTGCTAAGCTCTC
CTTTCTGGACGCTTTTGCTAAAAACAGCAGAACTTTCCTTAATGTCATTTT
CAGCAAAACTAGTATCTTCCTTTATTTCACCATCATCTAACAGGTCATCA
GGTGTCTCAGAACAAACCTGAGATGCATGACTACTTCCCATAGGCTG
CGCTTTTGCTAAAAACAGCAGAACTTTCCTTAATGTCATTTTCAGCAAAA
CTAGTATCTTCCTTTATTTCACCATCATCTAACAGGTCATCAGGTGTCTCA
GAACAAACCTGAGATGCATGACTACTTCCCATAGGCTGTTCTAAGTTATC
TGAAATCAGATATGGAGAGAAATCTGTATTAACAGTCTGA
CCTGAGATGCATGACTACTTCCCATAGGCTGTTCTAAGTTATCTGAAATC
AGATATGGAGAGAAATCTGTATTAACAGTCTGAACTACTTCTTCATATTCT
TGCTTTTTTATTTCAGGATGCTTACAATTACTTCCAGGAAGACTTTGTTTA
TAGACCTCAGGTTGCAAAACCCCTAATCT
GGAGAGAAATCTGTATTAACAGTCTGAACTACTTCTTCATATTCTTGCTTT
TTTATTTCAGGATGCTTACAATTACTTCCAGGAAGACTTTGTTTATAGACC
TCAGGTTGCAAAACCCCTAATCTAAGCATAGCATTCAATTTTGGCCCTCT
GTTTCTACCTAGTTCTGCTTGAATGTTTTCATCactgga
ATAGACCTCAGGTTGCAAAACCCCTAATCTAAGCATAGCATTCAATTTTG
GCCCTCTGTTTCTACCTAGTTCTGCTTGAATGTTTTCATCactggaacctatttca
ttaatactggagcccacttcattagtactggaacctacttcattaataTTGCTTGAGCTGGCTTCT
TTAAAAACATT
atactggagcccacttcattagtactggaacctacttcattaataTTGCTTGAGCTGGCTTCTTT
AAAAACATTTTCTCTAATGTTATTACGGCTAATTGTGCTCACTGTACTTGG
AATGTTCTCATTTCCCATTTCTCTTTCAGGTGACATTGAATGTTCCTCAAA
GTTTTCCTCTAGCAGA
TGTGCTCACTGTACTTGGAATGTTCTCATTTCCCATTTCTCTTTCAGGTG
ACATTGAATGTTCCTCAAAGTTTTCCTCTAGCAGATTTTTCTTACATTTAG
TTTTAACAAATGACTTGATGGGAAAAAGTGGTGGTATACGATATGGGTTT
TGTAAAAGTCCATGTTTATTTGGAGTAATGAGTCCAGTTTCGTTGCCT
ACTTGATGGGAAAAAGTGGTGGTATACGATATGGGTTTTGTAAAAGTCCA
TGTTTATTTGGAGTAATGAGTCCAGTTTCGTTGCCTCTGAACTGAGATGA
TAGACAAAACCTAGAGCCTCCTTTGATACTACATTTGGCATTATCAACTG
GCTTATCTTTCTGACCAACCACAGGAAA
GTAATGAGTCCAGTTTCGTTGCCTCTGAACTGAGATGATAGACAAAACCT
AGAGCCTCCTTTGATACTACATTTGGCATTATCAACTGGCTTATCTTTCT
GACCAACCACAGGAAAGCCTGCAGTGATATTAACTGTCTGTACAGGCTT
GATATTAGACTCATTCTTTCCTTGATTTTCTTCCTTTTGTTCACA
CTTTCTGACCAACCACAGGAAAGCCTGCAGTGATATTAACTGTCTGTACA
GGCTTGATATTAGACTCATTCTTTCCTTGATTTTCTTCCTTTTGTTCACAT
TCAAAAGTGACTTTTGGACTTTGTTTCTTTAAGGACCCAGAGTGGGCAGA
GAATGTTGCACATTCCTCTTCTGCATTTCCTGGATTTGAAAACGGAGC
TGTTTCTTTAAGGACCCAGAGTGGGCAGAGAATGTTGCACATTCCTCTTC
TGCATTTCCTGGATTTGAAAACGGAGCAAATGACTGGCGCTTTGAAACC
TTGAATGTATTCTGCAAATACTGAGCATCAAGTTCACTTTCTTCCATTTCT
ATGCTTGTTTCCCGACTGTGGTTAACT
CTGGCGCTTTGAAACCTTGAATGTATTCTGCAAATACTGAGCATCAAGTT
CACTTTCTTCCATTTCTATGCTTGTTTCCCGACTGTGGTTAACTTCATGTC
CCAATGGATACTTAAAGCCTTCTGTGTCATTTCTATTATCTTTGGAACAAC
CATGAATTAGTCCCTTGGGGTTTTCAAATGCTGCACACTGACTCAC
TGTCCCAATGGATACTTAAAGCCTTCTGTGTCATTTCTATTATCTTTGGAA
CAACCATGAATTAGTCCCTTGGGGTTTTCAAATGCTGCACACTGACTCAC
ACATTTATTTGGTTCTGTTTTTGCCTTCCCTAGAGTGCTAACTTCCAGTAA
CGAGATACTTTCCTGAGTGCCATAATCAGTACCAGGT
TGGTTCTGTTTTTGCCTTCCCTAGAGTGCTAACTTCCAGTAACGAGATAC
TTTCCTGAGTGCCATAATCAGTACCAGGTACCAATGAAATACTGCTACTC
TCTACAGATCTTTCAGTTTGCAAAACCCTTTCTCCACTTAACATGAGATCT
TTGGGGTCTTCAGCATTATTAGACACTTTAACTGT

TGCTACTCTCTACAGATCTTTCAGTTTGCAAAACCCTTTCTCCACTTAACA
TGAGATCTTTGGGGTCTTCAGCATTATTAGACACTTTAACTGTTTCTAGTT

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits



BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1

BRCA1_40

BRCA1_41

BRCA1_42

BRCA1_43

BRCA1_44

BRCA1_45

BRCA1_46

BRCA1_47

BRCA1_48

BRCA1_49

BRCA1_50

BRCA1_51

BRCA1_52

BRCA1_53

BRCA1_54

BRCA1_55

BRCA1_56

BRCA1_57

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

41245357

41245455

41245543

41245646

41245703

41245824

41245929

41246014

41246138

41246190

41246313

41246413

41246501

41246584

41246695

41246761

41247808

41249130

41245539

41245653

41245737

41245835

41245894

41245994

41246123

41246212

41246324

41246388

41246488

41246606

41246699

41246781

41246882

41246959

41248006

41249324

ACACTGACGACATGGTTCTA
CATTTCTTCTCTTGGAAGGC
TAGGA

ACACTGACGACATGGTTCTA
CAGGGAAAGTATCGCTGTCA
TGTCT

ACACTGACGACATGGTTCTA
CATGAGTTGTAGGTTTCTGC
TGTGC

ACACTGACGACATGGTTCTA
CAAGGTGGGCTTAGATTTCT
ACTGAC

ACACTGACGACATGGTTCTA
CAAGACTTCCTCCTCAGCCT
ATTCT

ACACTGACGACATGGTTCTA
CATCGAGTGATTCTATTGGG
TTAGGA

ACACTGACGACATGGTTCTA
CATCCGTTTGGTTAGTTCCC
TGATTT

ACACTGACGACATGGTTCTA
CAGGCCTGATGTAGGTCTCC
TTTTA

ACACTGACGACATGGTTCTA
CAGCTTGCCTTCTTCCGATA
GGT

ACACTGACGACATGGTTCTA
CATCTACTGATTTGGAGTGA
ACTCTTT

ACACTGACGACATGGTTCTA
CAACATCAGCTACTTTGGCA
TTTGA

ACACTGACGACATGGTTCTA
CATGCTGCTATTTAGTGTTAT
CCAAGG

ACACTGACGACATGGTTCTA
CACTCACACAGGGGATCAGC
ATTC

ACACTGACGACATGGTTCTA
CACCCATCTGTTATGTTGGC
TCCTT

ACACTGACGACATGGTTCTA
CAGCTGTAATGAGCTGGCAT
GAGTA

ACACTGACGACATGGTTCTA
CACCTGATACTTTTCTGGAT
GCCTCT

ACACTGACGACATGGTTCTA
CATGTATCTACCCACTCTCTT
TTCAGT

ACACTGACGACATGGTTCTA
CAACAAACTGCACATACATC
CCTGA

TACGGTAGCAGAGACTTGGTCTA
AGGTAAAGAACCTGCAACTGGA

TACGGTAGCAGAGACTTGGTCTG
CCCACCTAATTGTACTGAATTGC

TACGGTAGCAGAGACTTGGTCTA
AGCACCTAAAAAGAATAGGCTGA

TACGGTAGCAGAGACTTGGTCTA
GAATCACTCGAAAAAGAATCTGC

TACGGTAGCAGAGACTTGGTCTG
GTCATGAGAATAAAACAAAAGGT
GATTCT

TACGGTAGCAGAGACTTGGTCTC
AAGAAAGCAGATTTGGCAGTTCA

TACGGTAGCAGAGACTTGGTCTC
CATGTAACTGAAAATCTAATTATA
GGAGCA

TACGGTAGCAGAGACTTGGTCTA
GAGTTCACTCCAAATCAGTAGAG

TACGGTAGCAGAGACTTGGTCTA
GTAGCTGATGTATTGGACGTTCT

TACGGTAGCAGAGACTTGGTCTC
CAGAAGTGATGAACTGTTAGGT

TACGGTAGCAGAGACTTGGTCTA
ATAAGCAGAAACTGCCATGCTC

TACGGTAGCAGAGACTTGGTCTA
AGGAGCCAACATAACAGATGGG

TACGGTAGCAGAGACTTGGTCTA
CAGCATGAGAACAGCAGTTTATT

TACGGTAGCAGAGACTTGGTCTG
GCATCCAGAAAAGTATCAGGGTA

TACGGTAGCAGAGACTTGGTCTT
TCAGCTGCTTGTGAATTTTCTG

TACGGTAGCAGAGACTTGGTCTC
CACCTCCAAGGTGTATGAAGTA

TACGGTAGCAGAGACTTGGTCTG
GTCATTTGACAGTTCTGCATAC

TACGGTAGCAGAGACTTGGTCTT
GGGGGGAAATTTTTTAGGATCTG

183

199

195

190

192

171

195

199

187

199

176

194

199

198

188

199

199

195

39

41

39

38

35

36

38

39

37

39

40

43

42

42

43

37

40

32

TCTCTTCTTTTTCTTCTCTTGGAAGGCTAGGATTGACAAATTCTTTAAGTT
CACTGGTATTTGAACACTTAGTAAAAGAACCAGGT
TTTCTTCTCTTGGAAGGCTAGGATTGACAAATTCTTTAAGTTCACTGGTAT
TTGAACACTTAGTAAAAGAACCAGGTGCATTTGTTAACTTCAGCTCTGGG
AAAGTATCGCTGTCATGTCTTTTACTTGTCTGTTCATTTGGCTTGTTACTC
TTCTTGGCTCCAGTTGCAGGTTCTTTACCTT
GGGAAAGTATCGCTGTCATGTCTTTTACTTGTCTGTTCATTTGGCTTGTT
ACTCTTCTTGGCTCCAGTTGCAGGTTCTTTACCTTCCATGAGTTGTAGGT
TTCTGCTGTGCCTGACTGGCATTTGGTTGTACTTTTTTTTCTTTATCTCTT
CACTGCTAGAACAACTATCAATTTGCAATTCAGTACAATTAGGTGGGC
TGAGTTGTAGGTTTCTGCTGTGCCTGACTGGCATTTGGTTGTACTTTTTT
TTCTTTATCTCTTCACTGCTAGAACAACTATCAATTTGCAATTCAGTACAA
TTAGGTGGGCTTAGATTTCTACTGACTACTAGTTCAAGCGCATGAATATG
CCTGGTAGAAGACTTCCTCCTCAGCCTATTCTTTTTAGGTGCTT
AGGTGGGCTTAGATTTCTACTGACTACTAGTTCAAGCGCATGAATATGCC
TGGTAGAAGACTTCCTCCTCAGCCTATTCTTTTTAGGTGCTTTTGAATTG
TGGATATTTAATTCGAGTTCCATATTGCTTATACTGCTGCTTATAGGTTCA
GCTTTCGTTTTGAAAGCAGATTCTTTTTCGAGTGATTCT
AGACTTCCTCCTCAGCCTATTCTTTTTAGGTGCTTTTGAATTGTGGATATT
TAATTCGAGTTCCATATTGCTTATACTGCTGCTTATAGGTTCAGCTTTCGT
TTTGAAAGCAGATTCTTTTTCGAGTGATTCTATTGGGTTAGGATTTTTCTC
ATTCTGAATAGAATCACCTTTTGTTTTATTCTCATGACC
TCGAGTGATTCTATTGGGTTAGGATTTTTCTCATTCTGAATAGAATCACCT
TTTGTTTTATTCTCATGACCACTATTAGTAATATTCATCACTTGACCATTCT
GCTCCGTTTGGTTAGTTCCCTGATTTATCATTTCAGGAGTCTTTTGAACT
GCCAAATCTGCTTTCTTG
TCCGTTTGGTTAGTTCCCTGATTTATCATTTCAGGAGTCTTTTGAACTGC
CAAATCTGCTTTCTTGATAAAATCCTCAGGATGAAGGCCTGATGTAGGTC
TCCTTTTACGCTTTAATTTATTTGTGAGGGGACGCTCTTGTATTATCTGTG
GCTCAGTAACAAATGCTCCTATAATTAGATTTTCAGTTACATGG
GGCCTGATGTAGGTCTCCTTTTACGCTTTAATTTATTTGTGAGGGGACGC
TCTTGTATTATCTGTGGCTCAGTAACAAATGCTCCTATAATTAGATTTTCA
GTTACATGGCTTAAGTTGGGGAGGCTTGCCTTCTTCCGATAGGTTTTCC
CAAATATTTTGTCTTCAATATTACTCTCTACTGATTTGGAGTGAACTCT
GCTTGCCTTCTTCCGATAGGTTTTCCCAAATATTTTGTCTTCAATATTACT
CTCTACTGATTTGGAGTGAACTCTTTCACTTTTACATATTAAAGCCTCATG
AGGATCACTGGCCAGTAAGTCTATTTTCTCTGAAGAACCAGAATATTCAT
CTACCTCATTTAGAACGTCCAATACATCAGCTACT
TCTACTGATTTGGAGTGAACTCTTTCACTTTTACATATTAAAGCCTCATGA
GGATCACTGGCCAGTAAGTCTATTTTCTCTGAAGAACCAGAATATTCATC
TACCTCATTTAGAACGTCCAATACATCAGCTACTTTGGCATTTGATTCAG
ACTCCCCATCATGTGAGTCATCAGAACCTAACAGTTCATCACTTCTGG
ACATCAGCTACTTTGGCATTTGATTCAGACTCCCCATCATGTGAGTCATC
AGAACCTAACAGTTCATCACTTCTGGAAAACCACTCATTAACTTTCTGAA
TGCTGCTATTTAGTGTTATCCAAGGAACATCTTCAGTATCTCTAGGATTC
TCTGAGCATGGCAGTTTCTGCTTATT
TGCTGCTATTTAGTGTTATCCAAGGAACATCTTCAGTATCTCTAGGATTC
TCTGAGCATGGCAGTTTCTGCTTATTCCATTCTTTTCTCTCACACAGGGG
ATCAGCATTCAGATCTACCTTTTTTTCTGTGCTGGGAGTCCGCCTATCAT
TACATGTTTCCTTACTTCCAGCCCATCTGTTATGTTGGCTCCTT
CTCACACAGGGGATCAGCATTCAGATCTACCTTTTTTTCTGTGCTGGGA
GTCCGCCTATCATTACATGTTTCCTTACTTCCAGCCCATCTGTTATGTTG
GCTCCTTGCTAAGCCAGGCTGTTTGCTTTTATTACAGAATTCAGCCTTTT
CTACATTCATTCTGTCTTTAGTGAGTAATAAACTGCTGTTCTCATGCTGT
CCCATCTGTTATGTTGGCTCCTTGCTAAGCCAGGCTGTTTGCTTTTATTA
CAGAATTCAGCCTTTTCTACATTCATTCTGTCTTTAGTGAGTAATAAACTG
CTGTTCTCATGCTGTAATGAGCTGGCATGAGTATTTGTGCCACATGGCT
CCACATGCAAGTTTGAAACAGAACTACCCTGATACTTTTCTGGATGCC
GCTGTAATGAGCTGGCATGAGTATTTGTGCCACATGGCTCCACATGCAA
GTTTGAAACAGAACTACCCTGATACTTTTCTGGATGCCTCTCAGCTGCAC
GCTTCTCAGTGGTGTTCAAATCATTATTACTGGGTTGATGATGTTCAGTA
TTTGTTACATCCGTCTCAGAAAATTCACAAGCAGCTGAA
CCTGATACTTTTCTGGATGCCTCTCAGCTGCACGCTTCTCAGTGGTGTTC
AAATCATTATTACTGGGTTGATGATGTTCAGTATTTGTTACATCCGTCTCA
GAAAATTCACAAGCAGCTGAAAATATACAAAAATAACAAGGTACTCAAAA
ACTGAATTGTCATTAAAAAAATACATACTTCATACACCTTGGAGGTGG
TGTATCTACCCACTCTCTTTTCAGTGCCTGTTAAGTTGGCAAACTTTGCC
ATTACCCTTTTTTGCAGAATCCAAACTGATTTCATCCCTGGTTCCTTGAG
GGGTGATTTGTAACAATTCTTGATCTCCCACACTATAGGGAAAAGACAGA
GTCCTAATAAGAAACACTAGTTACATGTATGCAGAACTGTCAAATGACC
acaaactgcacatacatccctgaacc jttaaaaTATTTTTAAAAAGAGAGAA
ACATCAATCCTTAATATTAACTAAATAGGAAAATACCAGCTTCATAGACAA
AGGTTCTCTTTGACTCACCTGCAATAAGTTGCCTTATTAACGGTATCTTC
AGAAGAATCAGATCCTAAAAAATTTCCCCCCA

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits
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BRCA1
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BRCA1
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BRCA1

BRCA1

BRCA1_58

BRCA1_59

BRCA1_60

BRCA1_61

BRCAL_62

BRCA1_63

BRCA1_64

BRCAL_65

BRCA1L_Intr
on_2__regio
n1l 1

BRCA1L_Intr
on_2__regio
n1l 2
BRCAL_Intr
on_2__regio
nl 3
BRCAL_Intr
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nl 4
BRCA1L_Intr
on_2__ regio
nl 5

BRCA1L_Intr
on_2__ regio
nl 6

BRCA1L_Intr
on_2__ regio
n1l 7

BRCA1L_Intr
on_2__ regio
n_1l 8

BRCA1L_Intr
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n1l 9

BRCA1L_Intr
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BRCA1L_Intr
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17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

41249255

41251674

41251773

41256105

41256170

41256828

41258420

41267715

41271145

41271314

41271383

41271482

41271534

41271642

41271721

41271811

41271942

41271985

41275655

41249439

41251855

41251963

41256293

41256368

41257012

41258615

41267905

41271333

41271508

41271556

41271675

41271710

41271822

41271916

41272000

41272115

41272159

41275814

ACACTGACGACATGGTTCTA
CAACTCACCTGCAATAAGTT
GCCTT

ACACTGACGACATGGTTCTA
CAATTCACTTCCCAAAGCTG
CCTAC

ACACTGACGACATGGTTCTA
CAAAAAACCTGAGACCCTTA
CCCAA

ACACTGACGACATGGTTCTA
CAAGAAGAAGAAGAAGAAGA
AAACAAATGG

ACACTGACGACATGGTTCTA
CAAGTCTTTTGGCACGGTTT
CTGTA

ACACTGACGACATGGTTCTA
CATTCCTGAGTTTTCATGGA
CAGCA

ACACTGACGACATGGTTCTA
CAACTTTTTCCTACTGTGGTT
GCTT

ACACTGACGACATGGTTCTA
CATGGAGCCACATAACACAT
TCAAA

ACACTGACGACATGGTTCTA
CATGTGACAAGAATGTGGTT
TTTTCCT

ACACTGACGACATGGTTCTA
CATCACAAGAAAAGCTTGTG
GACAG
ACACTGACGACATGGTTCTA
CATTTTTGACATAGCACAGG
GCAGT
ACACTGACGACATGGTTCTA
CAGCTAACCACTCTACCTGA
ACCTG
ACACTGACGACATGGTTCTA
CAACTCCTTGGGCTATTGCA
AGAAT

ACACTGACGACATGGTTCTA
CACATTGGTATTATTACTGG
GACCAAATGT

ACACTGACGACATGGTTCTA
CAAATCCCTATTTCTGAGATA
AGCTACAT

ACACTGACGACATGGTTCTA
CATCACCACTGACTCAATTC
TGAAAC

ACACTGACGACATGGTTCTA
CAAGGAAGACTGTGAAAAGG
GAAAAGAA

ACACTGACGACATGGTTCTA
CACCCTTCTAGGTCCTGATG
AGAGTA

ACACTGACGACATGGTTCTA
CAGCCCTCGGCCTCATCCAT

TACGGTAGCAGAGACTTGGTCTG
CATTGTACCTGCCACAGTAGAT

TACGGTAGCAGAGACTTGGTCTG
TGAGAACTCTGAGGACAAAGCA

TACGGTAGCAGAGACTTGGTCTC
TCTTCAGGAGGAAAAGCACAGA

TACGGTAGCAGAGACTTGGTCTC
CTTGTATTTTACAGATGCAAACAG
C

TACGGTAGCAGAGACTTGGTCTG
CATACATAGGGTTTCTCTTGGT

TACGGTAGCAGAGACTTGGTCTT
CACTTGCTGAGTGTGTTTCTCA

TACGGTAGCAGAGACTTGGTCTT
TTTGAGTATTCTTTCTACAAAAGG
AAGTAAAT

TACGGTAGCAGAGACTTGGTCTA
CTCAGTCATAACAGCTCAAAGT

TACGGTAGCAGAGACTTGGTCTT
CCACAAGCTTTTCTTGTGATCC

TACGGTAGCAGAGACTTGGTCTG
AAACAGGTTCAGGTAGAGTGGT

TACGGTAGCAGAGACTTGGTCTA
TTCTTGCAATAGCCCAAGGAGT

TACGGTAGCAGAGACTTGGTCTA
AAGTCACATTTGGTCCCAGTAA
TACGGTAGCAGAGACTTGGTCTT
CAGAGTTTTCTTTGTCAAGGTTGT
T

TACGGTAGCAGAGACTTGGTCTA
GTCAGTGGTGAGAATGAAAGCC

TACGGTAGCAGAGACTTGGTCTT
CGGAGTTTTCATCTGTTCAAAGT

TACGGTAGCAGAGACTTGGTCTT
CAGGACCTAGAAGGGGAACATT

TACGGTAGCAGAGACTTGGTCTT
CACTTATCCGTATTGGAAGCTCA

TACGGTAGCAGAGACTTGGTCTG
GTGGGTTGTTGTTTTTCAACCT

TACGGTAGCAGAGACTTGGTCTA
ATCCTGTGGTCCGGGAAAGAC

185

182

191

189

199

185

196

191

189

195

174

194

177

181

196

190

174

175

160

31

37

45

35

33

38

31

37

42

42

45

41

36

33

31

31

31

35

46

ACTCACCTGCAATAAGTTGCCTTATTAACGGTATCTTCAGAAGAATCAGA
TCCTAAAAAATTTCCCCCCAAAAAATAAATCAATAAAAGTTTTCTTAATTA
AAAGGGTTAAAAAAATGTACTTGTTGAAAAACAGAT attcaactagaaatatttactg
agcatctactgtggcaggtacaatgc
ATTCACTTCCCAAAGCTGCCTACCACAAATACAAATTATGACCAAGATTT
TTGGCAAAACTATAAGATAAGGAATCCAGCAATTATTATTAAATACTTAAA
AAACCTGAGACCCTTACCCAATTCAATGTAGACAGACGTCTTTTGAGGTT
GTATCCGCTGCTTTGTCCTCAGAGTTCTCAC
AAAAACCTGAGACCCTTACCCAATTCAATGTAGACAGACGTCTTTTGAGG
TTGTATCCGCTGCTTTGTCCTCAGAGTTCTCACAGTTCCAAGGTTAGAGA
GTTGGACACTGAGACTGGTTTCCTGCTAAACAGTATGGTAAAGAACAGT
CAAGCAATTGTTGGCCAGTTCTGTGCTTTTCCTCCTGAAGAG
agaagaagaagaagaagaaAACAAATGGTTTTACCAAGGAAGGATTTTCGGGT
TCACTCTGTAGAAGTCTTTTGGCACGGTTTCTGTAGCCCATACTTTGGAT
GATAGAAACTTCATCTTTTAGATGTTCAGGAGAGTTATTTTCCTTTTTTGC
AAAATTATAGCTGTTTGCATCTGTAAAATACAAGG
AGTCTTTTGGCACGGTTTCTGTAGCCCATACTTTGGATGATAGAAACTTC
ATCTTTTAGATGTTCAGGAGAGTTATTTTCCTTTTTTGCAAAATTATAGCT
GTTTGCATCTGTAAAATACAAGGGAAAACATTATGTTTGCAGTTAGAGAA
AAATGTATGAATTATAATCAAAGAAACCAAGAGAAACCCTATGTATGC
TTCCTGAGTTTTCATGGACAGCACTTGAGTGTCATTCTTGGGATATTCAA
CACTTACACTCCAAACCTGTGTCAAGCTGAAAAGCACAAATGATTTTCAA
TAGCTCTTCAACAAGTTGACTAAATCTCGTACTTTCTTGTAGGCTCCTGA
AATTAAATTGTTTGAGAAACACACTCAGCAAGTGA
ACTTTTTCCTACTGTGGTTGCTTCCAACCTAGCATCATTACCAAATTATAT
ACCTTTTGGTTATATCATTCTTACATAAAGGACACTGTGAAGGCCCTTTC
TTCTGGTTGAGAAGTTTCAGCATGCAAAATCTATAAATTATAAAGAAAGA
AAGAACAATTTAATTTACTTCCTTTTGTAGAAAGAATACTCAAAA
TGGAGCCACATAACACATTCAAACTTACTTGCAAAATATGTGGTCACACT
TTGTGGAGACAGGTTCCTTGATCAACTCCAGACTAGCAGGGTAGGGGG
GGAGAAAAAGAAAATAAATGAGGCT CaataatttatitaaaaataaaGCTATTCTTA
GTGAATAAGTTCAACTTTGAGCTGTTATGACTGAGT
TGTGACAAGAATGTGGTTTTTTCCTTAAATATTTAACTTTTTAGAAAAGGA
TCACAAGggccaggtgcggtggctcacgctgtaatcccagcattttgggaggccaaggegggecag
cctgggtgacagagaatccatctc 1aaaaGGATCACAAGAA
AAGCTTGTGGA
TCACAAGAAAAGCTTGTGGACAGTAACCTTATTGTGAAGGGTTGTAATAC
AACTCTTGTAATCATGGGGTTTTTGACATAGCACAGGgcagtgaaaagaaaaac
aatgaactaagtcaggaggctgggtttctactaccagttgtgtatataagcagagccaccttgggctaacca
ctctacctgaacctgtttc

TTTTTGACATAGCACAGGgcagtgaaaac aatgaactaagtcaggaggctgggttt
ctactaccagttgtc jcagagccaccttgggctaaccactctacctgaacctgtttccttctcttgee
attcaccctgccagactecttgggctattgcaagaat
gctaaccactctacctgaacctgtttccttctcttgccattcaccctgccagactecttgggctattgcaagaata
aaattaaatgctacttgggaaaatgcttcacaacctgagatgacttgge Jcttcacaacctgagat
aacttgTACCAACATTGGTATTATTACTGGGACCAAATGTGACTTT
actccttgggctattgcaac ttaaatgctacttgggaaaatgcttcacaacctgagatgacttggg
aaaaatgcttcacaacctgagataacttgTACCAACATTGGTATTATTACTGGGACCAA
ATGTGACTTTAAAAAGAAAAACAACCTTGACAAAGAAAACTCTGA
CATTGGTATTATTACTGGGACCAAATGTGACTTTAAAAAGAAAAACAACC
TTGACAAAGAAAACTCTGATTGGTTACTAAATCCCTATTTCTGAGATAAG
CTACATTTCAAAGAAATTCTCCGTAAAAGAAAAATTGGATTCAGTTATCAT
ACCAGATGGCTTTCATTCTCACCACTGACT
AATCCCTATTTCTGAGATAAGCTACATTTCAAAGAAATTCTCCGTAAAAGA
AAAATTGGATTCAGTTATCATACCAGATGGCTTTCATTCTCACCACTGAC
TCAATTCTGAAACAATTATATTTCAGTATGGTAATTATAATCTAAACTATAT
AAACACACTGTAAACACAAACTTTGAACAGATGAAAACTCCGA
TCACCACTGACTCAATTCTGAAACAATTATATTTCAGTATGGTAATTATAA
TCTAAACTATATAAACACACTGTAAACACAAACTTTGAACAGATGAAAACT
CCGATATGTAAAAAGGTAATGAATGTTGAAGGAAGACTGTGAAAAGGGA
AAAGAAAAAAAATTAAAATGTTCCCCTTCTAGGTCCTGA
AGGAAGACTGTGAAAAGGGAAAAGAAAAAAAATTAAAATGTTCCCCTTCT
AGGTCCTGATGAGAGTAAATGTTTACTATAAAAATGATTCAAATATTTTAA
ACACTTTTCAAACCAGGCAATATTTTAGGCCTACTGTATATTTGCATTTTG
AGCTTCCAATACGGATAAGTGA
CCCTTCTAGGTCCTGATGAGAGTAAATGTTTACTATAAAAATGATTCAAAT
ATTTTAAACACTTTTCAAACCAGGCAATATTTTAGGCCTACTGTATATTTG
CATTTTGAGCTTCCAATACGGATAAGTGACTGGAAAAAGCAGCTAGGTTT
AGGTTGAAAAACAACAACCCACC
gccctcggccTCATCCATGATTTTATTTTGCCATTTCAAGTGATGGAGCTTGT
TTTAGAGCTGGAAGAAAAGCCAAAATGCCAGTTAATCTAAACTAGATTCC
TGCCCCAGTGCAGAACCAATCAAGACAGAGTCCCTGTCTTTCCCGGACC
ACAGGATT

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by

relax mode and have no
off-target hits

One primer sits in the
repeat region

Two primers sits in the
repeat region

One primer sits in the
repeat region

One primer sits in the
repeat region

Multiple hits

One primer sits in the
repeat region



BRCA1

BRCA1

BRCA1

BRCA1
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BRCA1

BRCA1

BRCA1
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BRCA1

BRCA1
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BRCA1

BRCA1

BRCA1
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BRCA1L_Intr
on_2__regio
n2 3

BRCA1L_Intr
on_2__regio
n_2 4

BRCA1L_Intr
on_2__regio
n2 5

BRCA1_66

BRCA1_5_
UTR__exon
_1B_1

BRCAL_pro
mlAextF_1

BRCA1_5_
UTR__exon
1A 2

BRCAL_pro
mlAextF_3

BRCAL_pro
mlAextF_4

BRCA1_Pro
moter_3

BRCA1_Pro
moter_4

BRCA1_Pro
moter_5

BRCA1_Pro
moter_6

BRCA1_Pro
moter_7

BRCAL_Pro
moter_8

BRCAL_Pro
moter_9

BRCAL_Pro
moter_10

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

41275694

41275796

41275844

41275974

41277107

41277234

41277330

41277442

41277536

41277639

41277726

41277847

41277901

41278016

41278126

41278254

41278347

41275869

41275973

41276026

41276147

41277305

41277419

41277526

41277637

41277729

41277818

41277921

41278043

41278096

41278210

41278324

41278449

41278528

ACACTGACGACATGGTTCTA
CAGTGATGGAGCTTGTTTTA
GAGCTG

ACACTGACGACATGGTTCTA
CATTTCCCGGACCACAGGAT
TTG

ACACTGACGACATGGTTCTA
CACAGAGTGGATGGAGAACA
AGGAA

ACACTGACGACATGGTTCTA
CATCATTTGCATAGGAGATA
ATCATAGGAA

ACACTGACGACATGGTTCTA
CACTTCCCTCGCGACCTACA
AAC

ACACTGACGACATGGTTCTA
CACAGTACCCCAGAGCATCA
CTT

ACACTGACGACATGGTTCTA
CACCCAGTTATCTGAGAAAC
CCCAC

ACACTGACGACATGGTTCTA
CACACGGAAACCAAGGGGC
TAC

ACACTGACGACATGGTTCTA
CATCTCTCGGGGCTCTGGAT
TG

ACACTGACGACATGGTTCTA
CACCCTCTAGCCTCTACTCT
TCCAG

ACACTGACGACATGGTTCTA
CACAGTCGTAAGAAGAGGTC
CCAAT

ACACTGACGACATGGTTCTA
CACGTTGCGGAATGAAAGGT
CTTC

ACACTGACGACATGGTTCTA
CAGGAGAGGAACATCCAATA
CCAGAG

ACACTGACGACATGGTTCTA
CATCGTATTTTGAAAGCAGA
AACTAGGC

ACACTGACGACATGGTTCTA
CAAGTGGCCTGCGGGGAC

ACACTGACGACATGGTTCTA
CACTTTTGCCCCGTCTCCGT

ACACTGACGACATGGTTCTA
CACGCGGAGAAACGGGACT
AGTTA

TACGGTAGCAGAGACTTGGTCTT
GATTCCTTGTTCTCCATCCACT

TACGGTAGCAGAGACTTGGTCTA
CAGAATTGACCTTACATACTAGG
G

TACGGTAGCAGAGACTTGGTCTA
GCACAAGAGTGTATTAATTTGGG
A

TACGGTAGCAGAGACTTGGTCTT
CTAATGTGTTAAAGTTCATTGGAA
CAG

TACGGTAGCAGAGACTTGGTCTC
CTCTGCTCTGGGTAAAGGTAGT

TACGGTAGCAGAGACTTGGTCTA
CAGATAAATTAAAACTGCGACTG
C

TACGGTAGCAGAGACTTGGTCTC
TTTCTGTCCCTCCCATCCTCT

TACGGTAGCAGAGACTTGGTCTA
GGCACTTTATGGCAAACTCAGG

TACGGTAGCAGAGACTTGGTCTA
CTGCTTTGGACAATAGGTAGCG

TACGGTAGCAGAGACTTGGTCTC
CCCCCAACAATCCTTATTACTT

TACGGTAGCAGAGACTTGGTCTT
GGTATTGGATGTTCCTCTCCAT

TACGGTAGCAGAGACTTGGTCTA
GGCCTAGTTTCTGCTTTCAAAAT

TACGGTAGCAGAGACTTGGTCTC
TGGGGCTGGATGGGAATTG

TACGGTAGCAGAGACTTGGTCTG
AACTACGAGTGCGCAGACA

TACGGTAGCAGAGACTTGGTCTT
TACCACTTGTCCCTCAAAACGA

TACGGTAGCAGAGACTTGGTCTG
AGGCGGCAATGCAAAGAC

TACGGTAGCAGAGACTTGGTCTC
TCCAAACCCTCTTAGTGTGACG

176

178

183

174

199

186

197

196

194

180

196

197

196

195

199

196

182

a7

38

33

35

60

59

54

53

51

48

46

46

45

53

59

56

59

GTGATGGAGCTTGTTTTAGAGCTGGAAGAAAAGCCAAAATGCCAGTTAA
TCTAAACTAGATTCCTGCCCCAGTGCAGAACCAATCAAGACAGAGTCCC
TGTCTTTCCCGGACCACAGGATTTGTGTTGAAAAGGAGAGGAGTGGGAG
AGGCAGAGTGGATGGAGAACAAGGAATCA
TTTCCCGGACCACAGGATTTGTGTTGAAAAGGAGAGGAGTGGGAGAGG
CAGAGTGGATGGAGAACAAGGAATCATTTTCTATATTTTTAAAGTTCTTC
AGTTAAGAAAATCAGCAATTACAATAGCCTAATCTTACTAGACATGTCTTT
TCTTCCCTAGTATGTAAGGTCAATTCTGT
CAGAGTGGATGGAGAACAAGGAATCATTTTCTATATTTTTAAAGTTCTTC
AGTTAAGAAAATCAGCAATTACAATAGCCTAATCTTACTAGACATGTCTTT
TCTTCCCTAGTATGTAAGGTCAATTCTGTTCATTTGCATAGGAGATAATC
ATAGGAATCCCAAATTAATACACTCTTGTGCT
TCATTTGCATAGGAGATAATCATAGGAATCCCAAATTAATACACTCTTGT
GCTGACTTACCAGATGGGACACTCTAAGATTTTCTGCATAGCATTAATGA
CATTTTGTACTTCTTCAACGCGAAGAGCAGATAAATCCATTTCTTTCTGTT
CCAATGAACTTTAACACATTAGA
CTTCCCTCGCGACCTACAAACTGCCCCCCTCCCCAGGGTTCACAACGCC
TTACGCCTCTCAGGTTCCGCCCCTACCCCCCGTCAAAGAATACCCATCT
GTCAGCTTCGGAAATCCACTCTCCCACGCCAGTACCCCAGAGCATCACT
TGGGCCCCCTGTCCCTTTCCCGGGACTCTACTACCTTTACCCAGAGCAG
AGG
CAGTACCCCAGAGCATCACTTGGGCCCCCTGTCCCTTTCCCGGGACTCT
ACTACCTTTACCCAGAGCAGAGGGTGAAGGCCTCCTGAGCGCAGGGGC
CCAGTTATCTGAGAAACCCCACAGCCTGTCCCCCGTCCAGGAAGTCTCA
GCGAGCTCACGCCGCGCAGTCGCAGTTTTAATTTATCTGT
CCCAGTTATCTGAGAAACCCCACAGCCTGTCCCCCGTCCAGGAAGTCTC
AGCGAGCTCACGCCGCGCAGTCGCAGTTTTAATTTATCTGTAATTCCCG
CGCTTTTCCGTTGCCACGGAAACCAAGGGGCTACCGCTAAGCAGCAGC
CTCTCAGAATACGAAATCAAGGTACAATCAGAGGATGGGAGGGACAGAA
AG
CACGGAAACCAAGGGGCTACCGCTAAGCAGCAGCCTCTCAGAATACGA
AATCAAGGTACAATCAGAGGATGGGAGGGACAGAAAGAGCCAAGCGTC
TCTCGGGGCTCTGGATTGGCCACCCAGTCTGCCCCCGGATGACGTAAA
AGGAAAGAGACGGAAGAGGAAGAATTCTACCTGAGTTTGCCATAAAGTG
CCT
TCTCTCGGGGCTCTGGATTGGCCACCCAGTCTGCCCCCGGATGACGTA
AAAGGAAAGAGACGGAAGAGGAAGAATTCTACCTGAGTTTGCCATAAAG
TGCCTGCCCTCTAGCCTCTACTCTTCCAGTTGCGGCTTATTGCATCACA
GTAATTGCTGTACGAAGGTCAGAATCGCTACCTATTGTCCAAAGCAGT
CCCTCTAGCCTCTACTCTTCCAGTTGCGGCTTATTGCATCACAGTAATTG
CTGTACGAAGGTCAGAATCGCTACCTATTGTCCAAAGCAGTCGTAAGAA
GAGGTCCCAATCCCCCACTCTTTCCGCCCTAATGGAGGTCTCCAGTTTC
GGTAAATATAAGTAATAAGGATTGTTGGGGGG
CAGTCGTAAGAAGAGGTCCCAATCCCCCACTCTTTCCGCCCTAATGGAG
GTCTCCAGTTTCGGTAAATATAAGTAATAAGGATTGTTGGGGGGGTGGA
GGGAAATAATTATTTCCAGCATGCGTTGCGGAATGAAAGGTCTTCGCCA
CAGTGTTCCTTAGAAACTGTAGTCTTATGGAGAGGAACATCCAATACCA
CGTTGCGGAATGAAAGGTCTTCGCCACAGTGTTCCTTAGAAACTGTAGT
CTTATGGAGAGGAACATCCAATACCAGAGCGGGCACAATTCTCACGGAA
ATCCAGTGGATAGATTGGAGACCTGTGCGCGCTTGTACTTGTCAACAGT
TATGGACTGGAGTGTTATGTTTTCGTATTTTGAAAGCAGAAACTAGGCCT
GGAGAGGAACATCCAATACCAGAGCGGGCACAATTCTCACGGAAATCCA
GTGGATAGATTGGAGACCTGTGCGCGCTTGTACTTGTCAACAGTTATGG
ACTGGAGTGTTATGTTTTCGTATTTTGAAAGCAGAAACTAGGCCTTAAAA
AGATACGTACAACTCTTTAGGGAGACTACAATTCCCATCCAGCCCCAG
TCGTATTTTGAAAGCAGAAACTAGGCCTTAAAAAGATACGTACAACTCTT
TAGGGAGACTACAATTCCCATCCAGCCCCAGGAGTCTGGGGCAAGTAG
TCTTGTAAGGTCAGTGGCCTGCGGGGACGCAGTGAGCGCCGAATTTGC
CTGGGGCAGGGGAAATGCGCTCTGGCCCATGTCTGCGCACTCGTAGTT
C
AGTGGCCTGCGGGGACGCAGTGAGCGCCGAATTTGCCTGGGGCAGGG
GAAATGCGCTCTGGCCCATGTCTGCGCACTCGTAGTTCCACCCCTCAGC
CCCAGTGTTTGTTATTTTTCGGGTTCAGCTTGCTTTTGCCCCGTCTCCGT
CGACGCAATCGCCACCAGTCAATGGGGTGGTCGTTTTGAGGGACAAGT
GGTAA
CTTTTGCCCCGTCTCCGTCGACGCAATCGCCACCAGTCAATGGGGTGGT
CGTTTTGAGGGACAAGTGGTAAGAGCCAATCTTCTTGGCGAAAACGCGG
AGAAACGGGACTAGTTACTGTCTTTGTCCGCCATGTTAGATTCACCCCA
CAGAGATAGCGGCAGAGCTGGCAGCGGACGGTCTTTGCATTGCCGCCT
C
CGCGGAGAAACGGGACTAGTTACTGTCTTTGTCCGCCATGTTAGATTCA
CCCCACAGAGATAGCGGCAGAGCTGGCAGCGGACGGTCTTTGCATTGC
CGCCTCCCCAGGGGGCGGGAAGCTGGTAAGGAAGCAGCCTGGGTTAG
CTAGGGGTGGGGTCACGTCACACTAAGAGGGTTTGGAG
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BRCA2_Pro
moter_10

BRCA2_Pro
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BRCA2_5_
UTR__exon
12

BRCA2_pro
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BRCA2_pro
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BRCA2_1

BRCA2_2

17

17

17

17

17

13

13

13

13

13

13

13

13

13

13

13

13

13

41196714

41197039

41271259

41275415

41275545

32888507

32888996

32889044

32889175

32889210

32889335

32889458

32889508

32889663

32889723

32889839

32890522

32893174

41196888

41197205

41271409

41275564

41275700

32888705

32889147

32889230

32889357

32889390

32889530

32889650

32889703

32889835

32889921

32890018

32890720

32893358

ACACTGACGACATGGTTCTA
CATCTTTGGAAACCGGTTCT
TG

ACACTGACGACATGGTTCTA
CATCGAACTCCTGACCTCCA
GT

ACACTGACGACATGGTTCTA
CACAGCCTGGGTGACAGAG
AAT

ACACTGACGACATGGTTCTA
CATGGAGTTCAGTGGTGCCA
TA

ACACTGACGACATGGTTCTA
CATTAGTGGAGAGGGGGTTT
CA

ACACTGACGACATGGTTCTA
CACACCTTCTGGAAGCAGCA
A

ACACTGACGACATGGTTCTA
CAaaaagcaaaaGATACTACCA
AGCC

ACACTGACGACATGGTTCTA
CATCATGAGCGAGTTAAGAT
GGGTT

ACACTGACGACATGGTTCTA
CACCCACTACCACTAAGTGA
AGTCAT

ACACTGACGACATGGTTCTA
CACACCGACCACTCTAAGCT
TTTGT

ACACTGACGACATGGTTCTA
CACCAAACATGAGCTGGAGC
AAAAA

ACACTGACGACATGGTTCTA
CATCCCGCTTTATTCGGTCA
GATAC

ACACTGACGACATGGTTCTA
CATTCCTTTCGCCACACTGA
GAAAT

ACACTGACGACATGGTTCTA
CAGCACTGCTGCGCCTCT

ACACTGACGACATGGTTCTA
CAGAAGCGTGAGGGGACAG
ATTT

ACACTGACGACATGGTTCTA
CAGTCTTCCGCAGTCCCAGT
C

ACACTGACGACATGGTTCTA
CATCCCTGTGTAAGTGCATT
TTGGT
ACACTGACGACATGGTTCTA
CATCACTGGTTAAAACTAAG
GTGGGA

TACGGTAGCAGAGACTTGGTCTA
GATCATACCACGGCACTCC

TACGGTAGCAGAGACTTGGTCTG
TCCTTGGGCAGTTCTCAAA

TACGGTAGCAGAGACTTGGTCTT
TTCACTGCCCTGTGCTATG

TACGGTAGCAGAGACTTGGTCTT
GAAACCCCCTCTCCACTAA

TACGGTAGCAGAGACTTGGTCTC
CATCACTTGAAATGGCAAA

TACGGTAGCAGAGACTTGGTCTC
ATCTTTTGCATTCTTAGGATTCGG

TACGGTAGCAGAGACTTGGTCTT
TTAGTTCCAGTAGCTGTTCTGC

TACGGTAGCAGAGACTTGGTCTA
AAAGCTTAGAGTGGTCGGTGTG

TACGGTAGCAGAGACTTGGTCTT
TTTTGCTCCAGCTCATGTTTGG

TACGGTAGCAGAGACTTGGTCTC
CCTATGCCTACTCCAAGTCCC

TACGGTAGCAGAGACTTGGTCTA
TTTCTCAGTGTGGCGAAAGGAA

TACGGTAGCAGAGACTTGGTCTG
CCTCTGCCGCCTAGTT

TACGGTAGCAGAGACTTGGTCTC
CGCAAAAGACACCCGAGG

TACGGTAGCAGAGACTTGGTCTC
TCGTCCCAACCCACTACCA

TACGGTAGCAGAGACTTGGTCTA
GAGACAAAAGGGCAAGAAGCC

TACGGTAGCAGAGACTTGGTCTG
AAATGGAGACCCAGGGAAGG

TACGGTAGCAGAGACTTGGTCTT
TTTAGAAAACACTTTCTCGGTGTA
AT

TACGGTAGCAGAGACTTGGTCTT
AAGATGGTTTCCTTTGTGGAGT

175

167

151

150

156

199

152

187

183

181

196

193

196

173

199

180

199

185

35

51

38

50

53

a7

46

46

50

52

54

62

67

62

63

64

34

32

TCTTTGGAAACCGGTTCTTGAAAATCTTCTGCTGTTTTAGAACACATTCTT
TAGAAATCTAGCAAATATATCTCAGACTTTTAGAAATCTCTTCTAGTTTCA
TTTTCCTTTTTTTTTTTTTTTTTTTGAGCCACAGTCTCACTGTCACCCAGG
CTGGAGTGCCGTGGTATGATCT
TCGAACTCCTGACCTCCAGTGATCTGCCCACCTTGGCCTCCCAAAGTGC
TGGGATTACAGGCGTGAGCCACCATGCCCAGGTTTCAAGTTTCCTTTTC
ATTTCTAATACCTGCCTCAGAATTTCCTCCCCAATGTTCCACTCCAACATT
TGAGAACTGCCCAAGGAC
CAGCCTGGGTGACAGAGAATCCATCTCAAAAAAAGAAAAAAAAAAAAGA
AAAGGATCACAAGAAAAGCTTGTGGACAGTAACCTTATTGTGAAGGGTT
GTAATACAACTCTTGTAATCATGGGGTTTTTGACATAGCACAGGGCAGTG
AAA
TGGAGTTCAGTGGTGCCATATTGGCTCACAGCAACATCTGCCTCCTGGT
TCAAGTGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGATTACAGGCA
CATGCCACTACGCCCAGCTAATTTTTGTATTTTTAGTGGAGAGGGGGTTT
CA
TTAGTGGAGAGGGGGTTTCACCATGTTGGCCAGGATGGTCTCGATCTCC
TGACCTCGTGATCCTACCACCTTGGCCTCCCAAAGTGCTGGGATTACAG
GCATAAGCCACCGCCCTCGGCCTCATCCATGATTTTATTTTGCCATTTCA
AGTGATGG
CACCTTCTGGAAGCAGCAAGGCCCCCATGGGAGCAACTCTCACTGAATC
CATTTGAAGGTTTTGTAGGTCTTACAACAAACCCTATTCAGCCTTGTATTA
GGCATGTTACAGAACCAACGAATTCGGAGATGAAGTCAGGTCTTCCAGT
TCAGCCTGCGAGGAAGACAGGTGATCCGAATCCTAAGAATGCAAAAGAT
G
aaaagcaaaaGATACTACCAAGCCCTGCGGAGCAAGGTACCTCACACTTCA
TGAGCGAGTTAAGATGGGTTTCACAATTTTTCAAGCAAGGAAACGGGCT
CGGAGGTCTTGAACACCTGCTACCCAATAGCAGAACAGCTACTGGAACT
AAA
TCATGAGCGAGTTAAGATGGGTTTCACAATTTTTCAAGCAAGGAAACGG
GCTCGGAGGTCTTGAACACCTGCTACCCAATAGCAGAACAGCTACTGGA
ACTAAAATCCTCTGATTTCAAATAACAGCCCCGCCCACTACCACTAAGTG
AAGTCATCCACAACCACACACCGACCACTCTAAGCTTTT
CCCACTACCACTAAGTGAAGTCATCCACAACCACACACCGACCACTCTA
AGCTTTTGTAAGATCGGCTCGCTTTGGGGAACAGGTCTTGAGAGAACAT
CCCTTTTAAGGTCAGAACAAAGGTATTTCATAGGTCCCAGGTCGTGTCC
CGAGGGCGCCCACCCAAACATGAGCTGGAGCAAAAA
CACCGACCACTCTAAGCTTTTGTAAGATCGGCTCGCTTTGGGGAACAGG
TCTTGAGAGAACATCCCTTTTAAGGTCAGAACAAAGGTATTTCATAGGTC
CCAGGTCGTGTCCCGAGGGCGCCCACCCAAACATGAGCTGGAGCAAAA
AGAAAGGGATGGGGGACTTGGAGTAGGCATAGGG
CCAAACATGAGCTGGAGCAAAAAGAAAGGGATGGGGGACTTGGAGTAG
GCATAGGGGCGGCCCCTCCAAGCAGGGTGGCCTGGGACTCTTAAGGGT
CAGCGAGAAGAGAACACACACTCCAGCTCCCGCTTTATTCGGTCAGATA
CTGACGGTTGGGATGCCTGACAAGGAATTTCCTTTCGCCACACTGAGAA
AT
TCCCGCTTTATTCGGTCAGATACTGACGGTTGGGATGCCTGACAAGGAA
TTTCCTTTCGCCACACTGAGAAATACCCGCAGCGGCCCACCCAGGCCTG
ACTTCCGGGTGGTGCGTGTGCTGCGTGTCGCGTCACGGCGTCACGTGG
CCAGCGCGGGCTTGTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGC
TTCCTTTCGCCACACTGAGAAATACCCGCAGCGGCCCACCCAGGCCTG
ACTTCCGGGTGGTGCGTGTGCTGCGTGTCGCGTCACGGCGTCACGTGG
CCAGCGCGGGCTTGTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGC
GGAGCCGCTGTGGCACTGCTGCGCCTCTGCTGCGCCTCGGGTGTCTTT
TGCGG
GCACTGCTGCGCCTCTGCTGCGCCTCGGGTGTCTTTTGCGGCGGTGGG
TCGCCGCCGGGAGAAGCGTGAGGGGACAGATTTGTGACCGGCGCGGT
TTTTGTCAGCTTACTCCGGCCAAAAAAGAACTGCACCTCTGGAGCGGGT
TAGTGGTGGTGGTAGTGGGTTGGGACGAG
GAAGCGTGAGGGGACAGATTTGTGACCGGCGCGGTTTTTGTCAGCTTA
CTCCGGCCAAAAAAGAACTGCACCTCTGGAGCGGGTTAGTGGTGGTGG
TAGTGGGTTGGGACGAGCGCGTCTTCCGCAGTCCCAGTCCAGCGTGGC
GGGGGAGCGCCTCACGCCCCGGGTCGCTGCCGCGGCTTCTTGCCCTTT
TGTCTCT
GTCTTCCGCAGTCCCAGTCCAGCGTGGCGGGGGAGCGCCTCACGCCC
CGGGTCGCTGCCGCGGCTTCTTGCCCTTTTGTCTCTGCCAACCCCCACC
CATGCCTGAGAGAAAGGTCCTTGCCCGAAGGCAGATTTTCGCCAAGCAA
ATTCGAGCCCCGCCCCTTCCCTGGGTCTCCATTTC
TCCCTGTGTAAGTGCATTTTGGTCTTCTGTTTTGCAGACTTATTTACCAA
GCATTGGAGGAATATCGTAGGTAAAAATGCCTATTGGATCCAAAGAGAG
GCCAACATTTTTTGAAATTTTTAAGACACGCTGCAACAAAGCAGGTATTG
ACAAATTTTATATAACTTTATAAATTACACCGAGAAAGTGTTTTCTAAAA

TCACTGGTTAAAACTAAGGTGGGATTTTTTTTTTAAATAGATTTAGGACCA
ATAAGTCTTAATTGGTTTGAAGAACTTTCTTCAGAAGCTCCACCCTATAAT

One primer sits in the
repeat region



BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2_3

BRCA2_4

BRCAZ2_Intr
on_3_1

BRCAZ2_Intr
on_3_2

BRCAZ2_Intr
on_3_3

BRCA2_Intr
on_3_4

BRCA2_lIntr
on_3 5

BRCAZ2_Intr
on_3_6

BRCAZ2_Intr
on_3_7

BRCAZ2_Intr
on_3_8

BRCA2_5

BRCA2_6

BRCA2_7

BRCA2_8

BRCA2_9

BRCA2_10

BRCA2_11

BRCA2_lIntr
on_8_1

BRCAZ2_Intr
on_8_2

BRCAZ2_Intr
on_8_3

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

32893249

32893336

32897972

32898044

32898141

32898184

32898267

32898366

32898426

32898527

32899149

32899280

32900202

32900331

32900545

32900618

32903475

32904422

32904478

32904600

32893426

32893492

32898163

32898221

32898311

32898355

32898457

32898559

32898622

32898716

32899334

32899435

32900400

32900527

32900728

32900797

32903668

32904620

32904657

32904770

ACACTGACGACATGGTTCTA
CACTTTCTTCAGAAGCTCCA
CCCTA

ACACTGACGACATGGTTCTA
CAACTCCACAAAGGAAACCA
TCTTA

ACACTGACGACATGGTTCTA
CAACTTAATGCCCTGGAGAG
TCAAA

ACACTGACGACATGGTTCTA
CAGGATTTCATATTGTTAAAG
CCACCTAT
ACACTGACGACATGGTTCTA
CAACTGTCTGCAACTCACTT
TGTCT
ACACTGACGACATGGTTCTA
CATCCAGTCAATATTTCAGG
AGTGACTAA
ACACTGACGACATGGTTCTA
CATACCTCAGATTGCTCACA
GCCTA
ACACTGACGACATGGTTCTA
CAGGGATCACTACAGTTTTC
TGGAGG
ACACTGACGACATGGTTCTA
CACAGGTCAAGAAAAGCAAA
GAAGGG

ACACTGACGACATGGTTCTA
CAAGTAGACTGTAAAAGAAT
GGCATCA

ACACTGACGACATGGTTCTA
CACCAAAGAATGCAAATTTAT
AATCCAGAGT
ACACTGACGACATGGTTCTA
CATGATGTTTCCTGTCCACTT
CTAAA

ACACTGACGACATGGTTCTA
CAAAAATAACCTAAGGGATT
TGCTTTGT

ACACTGACGACATGGTTCTA
CATGTTAATAAAAATAAAACT
TAACAATTTTCCCCTT

ACACTGACGACATGGTTCTA
CAACGTTAAGTGAAATAAAG
AGTGAATGAA

ACACTGACGACATGGTTCTA
CATATTTTCTTTCCTCCCAGG
GTCGT

ACACTGACGACATGGTTCTA
CATGTGTCATGTAATCAAATA
GTAGATGTG
ACACTGACGACATGGTTCTA
CATGTGACAGCAAAACCAGC
TCATA
ACACTGACGACATGGTTCTA
CATGTTCTTACCATAGATGTC
GCAGT
ACACTGACGACATGGTTCTA
CATTATACTTGTGCTTTGGG
GCCAT

TACGGTAGCAGAGACTTGGTCTG
AGATTGGTACAGCGGCAGAG

TACGGTAGCAGAGACTTGGTCTC
TCCCCAGTCTACCATATTGCAT

TACGGTAGCAGAGACTTGGTCTA
GACAAAGTGAGTTGCAGACAGTA

TACGGTAGCAGAGACTTGGTCTT
GTCTGGTATATTAGTCACTCCTG
AA

TACGGTAGCAGAGACTTGGTCTA
CACTGTTCTTTTTCCCCCTACT

TACGGTAGCAGAGACTTGGTCTT
TAAGTGTTTGCCCCCCTATGTG

TACGGTAGCAGAGACTTGGTCTG
CTGTTTCCCCTTCTTTGCTTTT
TACGGTAGCAGAGACTTGGTCTA
ATTTTTATGATGCCATTCTTTTAC
AGTC
TACGGTAGCAGAGACTTGGTCTT
TTCTTCATTTTTAATTTTTGTGGG
TACAT

TACGGTAGCAGAGACTTGGTCTT
GACAATATCACTTGTGCTAAAAAC
CT

TACGGTAGCAGAGACTTGGTCTA
GCTTCATCATACCTTTCACTAAGA
C

TACGGTAGCAGAGACTTGGTCTT
CTACCAGGCTCTTAGCCAAAAT

TACGGTAGCAGAGACTTGGTCTT
GAAACAAACTCCCACATACCACT

TACGGTAGCAGAGACTTGGTCTT
GAGGCAGAATGCTAGGTACAGA

TACGGTAGCAGAGACTTGGTCTG
GTGGGTGGTGTAGCTAAAGA

TACGGTAGCAGAGACTTGGTCTT
CAACCTCATCTGCTCTTTCTTG

TACGGTAGCAGAGACTTGGTCTA
GCAATTTCAACAGTCTAATCAATG
TC

TACGGTAGCAGAGACTTGGTCTG
GCCCCAAAGCACAAGTATAATG

TACGGTAGCAGAGACTTGGTCTT
GCTTGTGTTCAAGTCACCCTTA

TACGGTAGCAGAGACTTGGTCTA
CTTGGGACATGAATCATCCCTT

178

157

192

178

171

172

191

194

197

190

186

156

199

197

184

180

194

199

180

171

39

39

29

30

37

40

44

38

30

27

34

28

30

33

37

41

29

38

36

43

TCTGAACCTGCAGAAGAATCTGAACATAAAAACAACAATTACGAACCAAA
CCTATTTAAAACTCCACAAAGGAAACCATCTTA
CTTTCTTCAGAAGCTCCACCCTATAATTCTGAACCTGCAGAAGAATCTGA
ACATAAAAACAACAATTACGAACCAAACCTATTTAAAACTCCACAAAGGA
AACCATCTTATAATCAGCTGGCTTCAACTCCAATAATATTCAAAGAGCAA
GGGCTGACTCTGCCGCTGTACCAATCTC
ACTCCACAAAGGAAACCATCTTATAATCAGCTGGCTTCAACTCCAATAAT
ATTCAAAGAGCAAGGGCTGACTCTGCCGCTGTACCAATCTCCTGTAAAA
GAATTAGATAAATTCAAATTAGACTTAGGTAAGTAAT(gcaatatggtagactgggg
ag
ACTTAATGCCCTGGAGAGTCAAATATAATCTACTCTAATACAGAAAATAG
AAATATTGAAAAACTGTAAATTGGATTTCATATTGTTAAAGCCACCTATAG
CTTTAGAAACTCTGAACATTATTTTCTTAGAAAATGGATGTGTTCAATAAG
AATAGAAATTATGTATTACTGTCTGCAACTCACTTTGTCT
GGATTTCATATTGTTAAAGCCACCTATAGCTTTAGAAACTCTGAACATTAT
TTTCTTAGAAAATGGATGTGTTCAATAAGAATAGAAATTATGTATTACTGT
CTGCAACTCACTTTGTCTAATTATATCCAatttattcatccagtcaatatttcaggagtgact
aatataccagaca
ACTGTCTGCAACTCACTTTGTCTAATTATATCCAatttattcatccagtcaatatttcag
gagtgactaatataccagacatttttgtagttgctagggatacagtgacaaataagacaaaatctctacctca
gattgctcacagcctagtagggge gaacagtgt
tccagtcaatatticaggagtgactaatataccagacatttttgtagttgctagggatacagtgacaaataag
acaaaatctctacctcagattgctcacagcctagtaggggc jaacagtgtatgatcaaactcttca
gggaacacataggggggcaaacacttaa

tacctcagattgctcacagcctagtagggge gaacagtgtatgatcaaactcttcagggaacaca
taggggggcaaacacttaatcttaccttagggatcactacagttttctggaggaggtagtttctaaatggaag
cctgaaagagttgticcaggtcaagaaaagcaaagaaggggaaacagc
gggatcactacagttttctggaggaggtagttictaaatggaagcctgaaagagttgticcaggtcaagaaa
agcaaagaaggggaaacagcttgtacaaagtcctagaggttaaagaaaacattctitcaggatatgcaa
atggttgggtatgggtaaaaagtagactgtaaaagaatggCATCATAAAAATT
caggtcaagaaaagcaaagaaggggaaacagctigtacaaagtcctagaggttaaagaaaacattcttt
caggatatgcaaatggttgggtatggc jtagactgtaaaagaatggCATCATAAAAATT
AAGTAAATTGTCAC ttcttatgtacccac TGAAGAAA
agtagactgtaaaagaatggCATCATAAAAATTAAGTAAATTGTCAcataaatatatatattt
cttatgtacccacaaaaattaaaaaTGAAGAAATTAAGTAAATTGTGAAAGGCCTTCA
TACTATGGAGTTTGACTTGATCTTGAAAAGTAAGATCTTGAAAGGTTTTTA
GCACAAGTGATATTGTCA

ccaaagaatgcaaatttataatc CAGAGTATATACATTCTCACTGAATTATTGTACTG
TTTCAGGAAGGAATGTTCCCAATAGTAGACATAAAAGTCTTCGCACAGTG
AAAACTAAAATGGATCAAGCAGATGATGTTTCCTGTCCACTTCTAAATTC
TTGTCTTAGTGAAAGGTATGATGAAGCt
TGATGTTTCCTGTCCACTTCTAAATTCTTGTCTTAGTGAAAGGTATGATGA
AGCitattatattaaaatatttaaat GAAACATTTTCCTACATATATTTGTTCTATAAAG
ATGAATCTGATTTTTATGCTAATATTTTGGCTAAGAGCCTGGTAGA
AAAATAACCTAAGGGATTTGCTTTGTTTTATTTTAGTCCTGTTGTTCTACA
ATGTACACATGTAACACCACAAAGAGATAAGTCAGGTATGATTAAAAACA
ATGCTTTTTATTCTTAGAATACTAGAAATGTTAATAAAAATAAAACTTAACA
ATTTTCCCCTTTTTTTACCCCCAGTGGTATGTGGGAGTTTGTTTCA
TGTTAATAAAAATAAAACTTAACAATTTTCCCCTTTTTTTACCCCCAGTGG
TATGTGGGAGTTTGTTTCATACACCAAAGTTTGTGAAGGTAAATATTCTA
CCTGGTTTATTTTTATGACTTAGTAATTGAGAATTTGACAATAGCGTTATA
CCTTTGCCCTGAGATTTACAAATCTGTACCTAGCATTCTGCCTCA
ACGTTAAGTGAAATAAAGAGTGAATGAAAAAATAATATCCTTAATGATCA
GGGCATTTCTATAAAAAATAAACTATTTTCTTTCCTCCCAGGGTCGTCAG
ACACCAAAACATATTTCTGAAAGTCTAGGAGCTGAGGTGGATCCTGATAT
GTCTTGGTCAAGTTCTTTAGCTACACCACCCACC
TATTTTCTTTCCTCCCAGGGTCGTCAGACACCAAAACATATTTCTGAAAG
TCTAGGAGCTGAGGTGGATCCTGATATGTCTTGGTCAAGTTCTTTAGCTA
CACCACCCACCCTTAGTTCTACTGTGCTCATAGGTAATAATAGCAAATGT
GTATTTACAAGAAAGAGCAGATGAGGTTGA
TGTGTCATGTAATCAAATAGTAGATGTGCTTTTTGATGTCTGACAAAAAAT
AAGTTTTTGCATTCTAGTGATAATATACAATACACATAAATTTTTATCTTAC
AGTCAGAAATGAAGAAGCATCTGAAACTGTATTTCCTCATGATACTACTG
CTGTAAGTAAATATGACATTGATTAGACTGTTGAAATTGCT
tgtgacagcaaaaccagctcatatgtctttctccttcacaatctcacagatagatttgttcttaccatagatgtcg
cagtacaatttttttcctttccttaagtcgagaactitcactgtttcaattaaaggaagcactttatggcttcttitigg
catatttgaattgccagcatcattatacttgtgctttggggec

tgttcttaccatagatgtcgcagtac ctttccttaagtcgagaactttcactgtttcaattaaaggaa
gcactttatggcttcttittggcatatttgaattgccagcatcattatacttgtgettiggggcecattgttaagtaaaa
taagggtgacttgaacacaagca

ttatacttgtgctttggggccattgttaac aagggtgacttgaacacaagcactgtggtaccacaata
gccgatctgataaccaagacaactactaagtgactaataggtgggtaccatatacagcectggatacgetg
gacaaagggatgattcatgtcccaagt

Assays designed by
relax mode and have no
off-target hits

One primer sits in the
repeat region

One primer sits in the
repeat region

One primer sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

One primer sits in the
repeat region

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region
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BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2
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BRCA2

BRCA2
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BRCAZ2_Intr
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BRCAZ2_Intr
on_8_6

BRCAZ2_Intr

on_8_7

BRCA2_12

BRCA2_126

BRCA2_13

BRCA2_14

BRCA2_15

BRCA2_16

BRCA2_17

BRCA2_18

BRCA2_19

BRCA2_20

BRCA2_21

BRCA2_22

BRCA2_23

BRCA2_24

BRCA2_25

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

32904673

32904749

32904844

32904887

32904990

32905120

32906365

32906405

32906502

32906614

32906677

32906777

32906851

32906946

32907057

32907091

32907186

32907264

32907328

32904852

32904920

32905015

32905077

32905188

32905279

32906537

32906593

32906695

32906786

32906859

32906973

32907049

32907116

32907233

32907270

32907361

32907455

32907512

ACACTGACGACATGGTTCTA
CAAGCCGATCTGATAACCAA
GACAA
ACACTGACGACATGGTTCTA
CAAGGGATGATTCATGTCCC
AAGTG
ACACTGACGACATGGTTCTA
CATGGTGCAAGATTTCATCA
CACTA

ACACTGACGACATGGTTCTA
CAAAAACTTACTAATTGCTTA
CTTCTGGAAT

ACACTGACGACATGGTTCTA
CAGGGGACTACTACTATATG
TGCATTGA

ACACTGACGACATGGTTCTA
CACTGTGACAGACAGTGAAA
ACACA

ACACTGACGACATGGTTCTA
CATGGCTTATAAAATATTAAT
GTGCTTCTGT

ACACTGACGACATGGTTCTA
CAACAGGATTTGGAAAAACA
TCAGGG

ACACTGACGACATGGTTCTA
CAATGAAACAGTTGTAGATA
CCTCTGAA

ACACTGACGACATGGTTCTA
CACCATGAAGCAAACGCTGA
TGAAT

ACACTGACGACATGGTTCTA
CATGTATCTGAAGTGGAACC
AAATGA

ACACTGACGACATGGTTCTA
CAGTACCGTCTTTGGCCTGT
GAATG

ACACTGACGACATGGTTCTA
CACCTATTGCATATTTCTTCA
TGTGACC

ACACTGACGACATGGTTCTA
CAATTCTTTGCCACGTATTTC
TAGCC

ACACTGACGACATGGTTCTA
CATTCTTGCAGTAAAGCAGG
CAATA

ACACTGACGACATGGTTCTA
CATCCAGTGGCTTCTTCATTT
CAGG

ACACTGACGACATGGTTCTA
CATGACTGATCCAAACTTTAA
AAAAGAAACT

ACACTGACGACATGGTTCTA
CAAGGACTCCTTATGTCCAA
ATTTAATTGAT

ACACTGACGACATGGTTCTA
CATGTAGCTTTGAAGAATGC
AGGTTT

TACGGTAGCAGAGACTTGGTCTC
TTGCACCACTAGGATGTGGAAA
TACGGTAGCAGAGACTTGGTCTG
GAAAATTCCAGAAGTAAGCAATT
AGT
TACGGTAGCAGAGACTTGGTCTT
CAATGCACATATAGTAGTAGTCC
C

TACGGTAGCAGAGACTTGGTCTT
GGAAAAATAGCTTTTCACATTCTG
C

TACGGTAGCAGAGACTTGGTCTT
CAACTAAACAGAGGACTTACCAT
GA

TACGGTAGCAGAGACTTGGTCTA
GGTTGCGGTAAACCGAGAT

TACGGTAGCAGAGACTTGGTCTA
ACTATCTTCTTCAGAGGTATCTAC
AAC

TACGGTAGCAGAGACTTGGTCTG
CTAGTTCTTACTTTTTGTAGATTT
TTTGTTCT

TACGGTAGCAGAGACTTGGTCTT
GGTTCCACTTCAGATACAAATGA
GT

TACGGTAGCAGAGACTTGGTCTA
AGACGGTACAACTTCCTTGGAG

TACGGTAGCAGAGACTTGGTCTT
GCAATAGGGGTATTTTCTCCAT

TACGGTAGCAGAGACTTGGTCTG
GTAGGCTAGAAATACGTGGCAAA

TACGGTAGCAGAGACTTGGTCTT
GTATGAGATTCAAGATGCTGCT

TACGGTAGCAGAGACTTGGTCTT
ACCCTGAAATGAAGAAGCCACT

TACGGTAGCAGAGACTTGGTCTG
TCCACTTTCAGAGGCTTCAGTT

TACGGTAGCAGAGACTTGGTCTG
AGTCCTCCTTCTGTGAGCAAAC

TACGGTAGCAGAGACTTGGTCTA
GTGGATATTAAACCTGCATTCTTC
A

TACGGTAGCAGAGACTTGGTCTT
TAGTTCTGATTTTTGGTCTTTCGG

TACGGTAGCAGAGACTTGGTCTT
TGCAAATGTAAGTGGTGCTTCA

180

172

172

191

199

160

173

189

194

173

183

197

199

171

177

180

176

192

185

43

38

35

31

33

40

32

31

29

36

42

39

34

40

37

37

40

32

30

agccgatctgataaccaagacaactactaagtgactaataggtgggtaccatatacagcctggatacgct
ggacaaagggatgattcatgtcccaagtgggatggagcaagatggtgcaagttttttittctceatttccattttc
ctttcctaagatttccacatcctagtggtgcaag
agggatgattcatgtcccaagtgggatggagcaagatggtgcaagtttttttitctccatttccattttcctttccta
agatttccacatcctagtggtgcaagatttcatcacactactcaggatgacacac ttactaatt
gcttacttctggaattttcc
tggtgcaagamcatcacactactcaggatgacacacaamaaaacttactaattgcttacttctggaattttc
tttggacctaggttgattgcagataactgaaatcaccaaaagtgaaaccatggataaggg
gggactactACTATATGTGCATTGA
aaaacttactaattgcttacttctggaattttccatt: tttggacctaggttgattgcagataactgaaat
caccaaaagtgaaaccatggataaggggggactactACTATATGTGCATTGAGAGTTTTT
ATACTAGTGATTTTAAACTATAATTTTTGCAGAATGTGAAAAGCTATTTTT
CCA
0999actactACTATATGTGCATTGAGAGTTTTTATACTAGTGATTTTAAACTA
TAATTTTTGCAGAATGTGAAAAGCTATTTTTCCAATCATGATGAAAGTCTG
AAGAAAAATGATAGATTTATCGCTTCTGTGACAGACAGTGAAAACACAAA
TCAAAGAGAAGCTGCAAGTCATGGTAAGTCCTCTGTTTAGTTGA
CTGTGACAGACAGTGAAAACACAAATCAAAGAGAAGCTGCAAGTCATGG
TAAGTCCTCTGTTTAGTTGAACTACAGGTTTTTTTGTTGTTGTTGTTTTGA
TTTTTTTTTTTTGAGGTGGAGTCTTGCTCTGTCACCCGTGATCTCGGTTT
ACCGCAACCT
TGGCTTATAAAATATTAATGTGCTTCTGTTTTATACTTTAACAGGATTTGG
AAAAACATCAGGGAATTCATTTAAAGTAAATAGCTGCAAAGACCACATTG
GAAAGTCAATGCCAAATGTCCTAGAAGATGAAGTATATGAAACAGTTGTA
GATACCTCTGAAGAAGATAGTT
ACAGGATTTGGAAAAACATCAGGGAATTCATTTAAAGTAAATAGCTGCAA
AGACCACATTGGAAAGTCAATGCCAAATGTCCTAGAAGATGAAGTATATG
AAACAGTTGTAGATACCTCTGAAGAAGATAGTTTTTCATTATGTTTTTCTA
AATGTAGAACAAAAAATCTACAAAAAGTAAGAACTAGC
ATGAAACAGTTGTAGATACCTCTGAAGAAGATAGTTTTTCATTATGTTTTT
CTAAATGTAGAACAAAAAATCTACAAAAAGTAAGAACTAGCAAGACTAGG
AAAAAAATTTTCCATGAAGCAAACGCTGATGAATGTGAAAAATCTAAAAA
CCAAGTGAAAGAAAAATACTCATTTGTATCTGAAGTGGAACCA
CCATGAAGCAAACGCTGATGAATGTGAAAAATCTAAAAACCAAGTGAAA
GAAAAATACTCATTTGTATCTGAAGTGGAACCAAATGATACTGATCCATT
AGATTCAAATGTAGCAAATCAGAAGCCCTTTGAGAGTGGAAGTGACAAA
ATCTCCAAGGAAGTTGTACCGTCTT
TGTATCTGAAGTGGAACCAAATGATACTGATCCATTAGATTCAAATGTAG
CAAATCAGAAGCCCTTTGAGAGTGGAAGTGACAAAATCTCCAAGGAAGT
TGTACCGTCTTTGGCCTGTGAATGGTCTCAACTAACCCTTTCAGGTCTAA
ATGGAGCCCAGATGGAGAAAATACCCCTATTGCA
GTACCGTCTTTGGCCTGTGAATGGTCTCAACTAACCCTTTCAGGTCTAAA
TGGAGCCCAGATGGAGAAAATACCCCTATTGCATATTTCTTCATGTGACC
AAAATATTTCAGAAAAAGACCTATTAGACACAGAGAACAAAAGAAAGAAA
GATTTTCTTACTTCAGAGAATTCTTTGCCACGTATTTCTAGCCTACC
CCTATTGCATATTTCTTCATGTGACCAAAATATTTCAGAAAAAGACCTATT
AGACACAGAGAACAAAAGAAAGAAAGATTTTCTTACTTCAGAGAATTCTT
TGCCACGTATTTCTAGCCTACCAAAATCAGAGAAGCCATTAAATGAGGAA
ACAGTGGTAAATAAGAGAGATGAAGAGCAGCATCTTGAATCTCATACA
ATTCTTTGCCACGTATTTCTAGCCTACCAAAATCAGAGAAGCCATTAAAT
GAGGAAACAGTGGTAAATAAGAGAGATGAAGAGCAGCATCTTGAATCTC
ATACAGACTGCATTCTTGCAGTAAAGCAGGCAATATCTGGAACTTCTCCA
GTGGCTTCTTCATTTCAGGGTA
TTCTTGCAGTAAAGCAGGCAATATCTGGAACTTCTCCAGTGGCTTCTTCA
TTTCAGGGTATCAAAAAGTCTATATTCAGAATAAGAGAATCACCTAAAGA
GACTTTCAATGCAAGTTTTTCAGGTCATATGACTGATCCAAACTTTAAAAA
AGAAACTGAAGCCTCTGAAAGTGGAC
TCCAGTGGCTTCTTCATTTCAGGGTATCAAAAAGTCTATATTCAGAATAA
GAGAATCACCTAAAGAGACTTTCAATGCAAGTTTTTCAGGTCATATGACT
GATCCAAACTTTAAAAAAGAAACTGAAGCCTCTGAAAGTGGACTGGAAAT
ACATACTGTTTGCTCACAGAAGGAGGACTC
TGACTGATCCAAACTTTAAAAAAGAAACTGAAGCCTCTGAAAGTGGACTG
GAAATACATACTGTTTGCTCACAGAAGGAGGACTCCTTATGTCCAAATTT
AATTGATAATGGAAGCTGGCCAGCCACCACCACACAGAATTCTGTAGCT
TTGAAGAATGCAGGTTTAATATCCACT
AGGACTCCTTATGTCCAAATTTAATTGATAATGGAAGCTGGCCAGCCACC
ACCACACAGAATTCTGTAGCTTTGAAGAATGCAGGTTTAATATCCACTTT
GAAAAAGAAAACAAATAAGTTTATTTATGCTATACATGATGAAACATCTTA
TAAAGGAAAAAAAATACCGAAAGACCAAAAATCAGAACTAA
TGTAGCTTTGAAGAATGCAGGTTTAATATCCACTTTGAAAAAGAAAACAA
ATAAGTTTATTTATGCTATACATGATGAAACATCTTATAAAGGAAAAAAAA
TACCGAAAGACCAAAAATCAGAACTAATTAACTGTTCAGCCCAGTTTGAA
GCAAATGCTTTTGAAGCACCACTTACATTTGCAA

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits



BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2_26

BRCA2_27

BRCA2_28

BRCA2_29

BRCA2_30

BRCA2_31

BRCA2_32

BRCA2_33

BRCA2_34

BRCA2_35

BRCA2_36

BRCA2_37

BRCA2_38

BRCA2_39

BRCA2_40

BRCA2_41

BRCA2_42

BRCA2_43

BRCA2_44

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

32907463

32910305

32910395

32910464

32910603

32910671

32910787

32910870

32910936

32911048

32911114

32911227

32911338

32911416

32911509

32911535

32911651

32911752

32911796

32907643

32910494

32910590

32910654

32910766

32910842

32910961

32911041

32911134

32911246

32911305

32911397

32911529

32911569

32911679

32911731

32911821

32911942

32911973

ACACTGACGACATGGTTCTA
CATTCAGCCCAGTTTGAAGC
A

ACACTGACGACATGGTTCTA
CAactgtgcccAAACACTACCTT

ACACTGACGACATGGTTCTA
CATGTTTAGGTTTATTGCATT
CTTCTGTGA

ACACTGACGACATGGTTCTA
CATCCTTAACTAGCTCTTTTG
GGACA

ACACTGACGACATGGTTCTA
CACAGAAGCTGATTCTCTGT
CATGC

ACACTGACGACATGGTTCTA
CATCAGATATAAAAGAAGAG
GTCTTGGC

ACACTGACGACATGGTTCTA
CATGCCAGCACTCTTATTTTA
ACTCCT

ACACTGACGACATGGTTCTA
CAAAATGTCAGACAAGCTCA
AAGGT

ACACTGACGACATGGTTCTA
CATGGAAAAGAATCAAGATG
TATGTGCT

ACACTGACGACATGGTTCTA
CACCAAAACACAAATCTAAG
AGTAATCCA

ACACTGACGACATGGTTCTA
CATGTCAATCCAGACTCTGA
AGAACT

ACACTGACGACATGGTTCTA
CACAGACTTGACTTGTGTAA
ACGAACC

ACACTGACGACATGGTTCTA
CAATGTTCTTGCAGAGGAGA
ACAAA

ACACTGACGACATGGTTCTA
CATCTCCTTGAATATAGATAA
AATACCAGAAAAAA

ACACTGACGACATGGTTCTA
CAGAGGTAGCTTCAGAACAG
CTTCA

ACACTGACGACATGGTTCTA
CAAAGGAAATCAAGCTCTCT
GAACA

ACACTGACGACATGGTTCTA
CAAGATAATCAAAAGAAACT
GAGCAAGC

ACACTGACGACATGGTTCTA
CACCCCTCAGATGTTATTTTC
CAAGC
ACACTGACGACATGGTTCTA
CAAATTTAACACCTAGCCAA
AAGGC

TACGGTAGCAGAGACTTGGTCTG
ATGATGCCTAAGATTAAATATAAG
ATATGAAGA

TACGGTAGCAGAGACTTGGTCTT
CAGAATTGTCCCAAAAGAGCTA

TACGGTAGCAGAGACTTGGTCTA
CTGTAGTTTTTCCTTATTACATTTT
GCT

TACGGTAGCAGAGACTTGGTCTG
GATCATTTTCACACTGTCCTTCC

TACGGTAGCAGAGACTTGGTCTA
CTTTTCTGGGATTGAAAGTCAGT
AT

TACGGTAGCAGAGACTTGGTCTT
GACTAGGTTTGACAGAACATCC

TACGGTAGCAGAGACTTGGTCTA
GCACATACATCTTGATTCTTTTCC
A

TACGGTAGCAGAGACTTGGTCTT
GTACCTTTCTTGAAGGTGATGCT

TACGGTAGCAGAGACTTGGTCTT
CTTCAGAGTCTGGATTGACAGTT
AT

TACGGTAGCAGAGACTTGGTCTG
TTTACACAAGTCAAGTCTGTTTCA

TACGGTAGCAGAGACTTGGTCTG
CTTGTTTATCACCTGTGTCTCC

TACGGTAGCAGAGACTTGGTCTG
ACCTAGAGTCATTTTTATATGCTG
CTTT

TACGGTAGCAGAGACTTGGTCTA
AGCTGTTCTGAAGCTACCTC

TACGGTAGCAGAGACTTGGTCTT
TCTTAATGTTATGTTCAGAGAGCT
TG

TACGGTAGCAGAGACTTGGTCTG
AGGCTTGCTCAGTTTCTTTTGATT

TACGGTAGCAGAGACTTGGTCTT
CAGAAACAACTACACTACTCTGT
AAA

TACGGTAGCAGAGACTTGGTCTT
CTGCCTTTTGGCTAGGTG

TACGGTAGCAGAGACTTGGTCTA

GTCATCTGGTTTTCAGGCACTT

TACGGTAGCAGAGACTTGGTCTC
TCTGCATTCCTCAGAAGTGGTC

181

190

196

191

164

172

175

172

199

199

192

171

192

154

171

197

171

191

178

31

33

32

35

40

38

35

33

32

31

35

36

34

33

34

32

33

35

35

TTCAGCCCAGTTTGAAGCAAATGCTTTTGAAGCACCACTTACATTTGCAA
ATGCTGATTCAGGTACCTCTGTCTTTTTTTTTTTGTAAATAGTACATATAG
TTTTATAGATGACGATTCCTTCTGTGTTTTTTTCTGCTTTTTAAAATCTTCA
TATCTTATATTTAATCTTAGGCATCATC
actgtgcccCAAACACTACCTTTTTAACTTAGTGAAAAATATTTAGTGAATGTGA
TTGATGGTACTTTAATTTTGTCACTTTGTGTTTTTATGTTTAGGTTTATTGC
ATTCTTCTGTGAAAAGAAGCTGTTCACAGAATGATTCTGAAGAACCAACT
TTGTCCTTAACTAGCTCTTTTGGGACAATTCTGA
TGTTTAGGTTTATTGCATTCTTCTGTGAAAAGAAGCTGTTCACAGAATGA
TTCTGAAGAACCAACTTTGTCCTTAACTAGCTCTTTTGGGACAATTCTGA
GGAAATGTTCTAGAAATGAAACATGTTCTAATAATACAGTAATCTCTCAG
GATCTTGATTATAAAGAAGCAAAATGTAATAAGGAAAAACTACAGT
TCCTTAACTAGCTCTTTTGGGACAATTCTGAGGAAATGTTCTAGAAATGA
AACATGTTCTAATAATACAGTAATCTCTCAGGATCTTGATTATAAAGAAGC
AAAATGTAATAAGGAAAAACTACAGTTATTTATTACCCCAGAAGCTGATT
CTCTGTCATGCCTGCAGGAAGGACAGTGTGAAAATGATCC
CAGAAGCTGATTCTCTGTCATGCCTGCAGGAAGGACAGTGTGAAAATGA
TCCAAAAAGCAAAAAAGTTTCAGATATAAAAGAAGAGGTCTTGGCTGCAG
CATGTCACCCAGTACAACATTCAAAAGTGGAATACAGTGATACTGACTTT
CAATCCCAGAAAAGT
TCAGATATAAAAGAAGAGGTCTTGGCTGCAGCATGTCACCCAGTACAAC
ATTCAAAAGTGGAATACAGTGATACTGACTTTCAATCCCAGAAAAGTCTT
TTATATGATCATGAAAATGCCAGCACTCTTATTTTAACTCCTACTTCCAAG
GATGTTCTGTCAAACCTAGTCA
TGCCAGCACTCTTATTTTAACTCCTACTTCCAAGGATGTTCTGTCAAACC
TAGTCATGATTTCTAGAGGCAAAGAATCATACAAAATGTCAGACAAGCTC
AAAGGTAACAATTATGAATCTGATGTTGAATTAACCAAAAATATTCCCATG
GAAAAGAATCAAGATGTATGTGCT
AAATGTCAGACAAGCTCAAAGGTAACAATTATGAATCTGATGTTGAATTA
ACCAAAAATATTCCCATGGAAAAGAATCAAGATGTATGTGCTTTAAATGA
AAATTATAAAAACGTTGAGCTGTTGCCACCTGAAAAATACATGAGAGTAG
CATCACCTTCAAGAAAGGTACA
TGGAAAAGAATCAAGATGTATGTGCTTTAAATGAAAATTATAAAAACGTT
GAGCTGTTGCCACCTGAAAAATACATGAGAGTAGCATCACCTTCAAGAA
AGGTACAATTCAACCAAAACACAAATCTAAGAGTAATCCAAAAAAATCAA
GAAGAAACTACTTCAATTTCAAAAATAACTGTCAATCCAGACTCTGAAGA
CCAAAACACAAATCTAAGAGTAATCCAAAAAAATCAAGAAGAAACTACTT
CAATTTCAAAAATAACTGTCAATCCAGACTCTGAAGAACTTTTCTCAGAC
AATGAGAATAATTTTGTCTTCCAAGTAGCTAATGAAAGGAATAATCTTGCT
TTAGGAAATACTAAGGAACTTCATGAAACAGACTTGACTTGTGTAAAC
TGTCAATCCAGACTCTGAAGAACTTTTCTCAGACAATGAGAATAATTTTG
TCTTCCAAGTAGCTAATGAAAGGAATAATCTTGCTTTAGGAAATACTAAG
GAACTTCATGAAACAGACTTGACTTGTGTAAACGAACCCATTTTCAAGAA
CTCTACCATGGTTTTATATGGAGACACAGGTGATAAACAAGC
CAGACTTGACTTGTGTAAACGAACCCATTTTCAAGAACTCTACCATGGTT
TTATATGGAGACACAGGTGATAAACAAGCAACCCAAGTGTCAATTAAAAA
AGATTTGGTTTATGTTCTTGCAGAGGAGAACAAAAATAGTGTAAAGCAGC
ATATAAAAATGACTCTAGGTC
ATGTTCTTGCAGAGGAGAACAAAAATAGTGTAAAGCAGCATATAAAAATG
ACTCTAGGTCAAGATTTAAAATCGGACATCTCCTTGAATATAGATAAAATA
CCAGAAAAAAATAATGATTACATGAACAAATGGGCAGGACTCTTAGGTCC
AATTTCAAATCACAGTTTTGGAGGTAGCTTCAGAACAGCTT
TCTCCTTGAATATAGATAAAATACCAGAAAAAAATAATGATTACATGAACA
AATGGGCAGGACTCTTAGGTCCAATTTCAAATCACAGTTTTGGAGGTAG
CTTCAGAACAGCTTCAAATAAGGAAATCAAGCTCTCTGAACATAACATTA
AGAA
GAGGTAGCTTCAGAACAGCTTCAAATAAGGAAATCAAGCTCTCTGAACAT
AACATTAAGAAGAGCAAAATGTTCTTCAAAGATATTGAAGAACAATATCC
TACTAGTTTAGCTTGTGTTGAAATTGTAAATACCTTGGCATTAGATAATCA
AAAGAAACTGAGCAAGCCTC
AAGGAAATCAAGCTCTCTGAACATAACATTAAGAAGAGCAAAATGTTCTT
CAAAGATATTGAAGAACAATATCCTACTAGTTTAGCTTGTGTTGAAATTGT
AAATACCTTGGCATTAGATAATCAAAAGAAACTGAGCAAGCCTCAGTCAA
TTAATACTGTATCTGCACATTTACAGAGTAGTGTAGTTGTTTCTGA
AGATAATCAAAAGAAACTGAGCAAGCCTCAGTCAATTAATACTGTATCTG
CACATTTACAGAGTAGTGTAGTTGTTTCTGATTGTAAAAATAGTCATATAA
CCCCTCAGATGTTATTTTCCAAGCAGGATTTTAATTCAAACCATAATTTAA
CACCTAGCCAAAAGGCAGA
CCCCTCAGATGTTATTTTCCAAGCAGGATTTTAATTCAAACCATAATTTAA
CACCTAGCCAAAAGGCAGAAATTACAGAACTTTCTACTATATTAGAAGAA
TCAGGAAGTCAGTTTGAATTTACTCAGTTTAGAAAACCAAGCTACATATT
GCAGAAGAGTACATTTGAAGTGCCTGAAAACCAGATGACT

AATTTAACACCTAGCCAAAAGGCAGAAATTACAGAACTTTCTACTATATTA
GAAGAATCAGGAAGTCAGTTTGAATTTACTCAGTTTAGAAAACCAAGCTA

Assays designed by
relax mode and have no
off-target hits

One primer sits in the
repeat region

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits



BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2_45

BRCA2_46

BRCA2_47

BRCA2_48

BRCA2_49

BRCA2_50

BRCA2_51

BRCA2_52

BRCA2_53

BRCA2_54

BRCA2_55

BRCA2_56

BRCA2_57

BRCA2_58

BRCA2_59

BRCA2_60

BRCA2_61

BRCA2_62

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

32911913

32912025

32912129

32912216

32912285

32912391

32912431

32912534

32912600

32912680

32912788

32912851

32912966

32913064

32913185

32913301

32913356

32913476

32912084

32912218

32912305

32912409

32912479

32912574

32912629

32912717

32912792

32912872

32912986

32913037

32913164

32913248

32913382

32913486

32913547

32913669

ACACTGACGACATGGTTCTA
CAACATTTGAAGTGCCTGAA
AACCA

ACACTGACGACATGGTTCTA
CAGCAGCAAGCAATTTGAAG
GTACA

ACACTGACGACATGGTTCTA
CAGAAGTGGGGTTTAGGGG
CTTTTA

ACACTGACGACATGGTTCTA
CAAGTGATATTGAGAATATTA
GTGAGGAAACT

ACACTGACGACATGGTTCTA
CATGTCATGATTCTGTTGTTT
CAATGT

ACACTGACGACATGGTTCTA
CATGACTACTGGCACTTTTG
TTGAAG

ACACTGACGACATGGTTCTA
CACAAGAGAAATACTGAAAA
TGAAGATAACAAAT

ACACTGACGACATGGTTCTA
CATGTATTCATAAAGATGAAA
CGGACTTG

ACACTGACGACATGGTTCTA
CAGGCCAGTTTATGAAGGAG
GGAAA

ACACTGACGACATGGTTCTA
CAAGAAGCATGTCATGGTAA
TACTTCAAA

ACACTGACGACATGGTTCTA
CATGGGAAAAATATTAGTGT
CGCCAAAG

ACACTGACGACATGGTTCTA
CAACCAGAAGAATTGCATAA
CTTTTCCT

ACACTGACGACATGGTTCTA
CAAAAGAAAGTGTCCCAGTT
GGT

ACACTGACGACATGGTTCTA
CATCATACAGCTAGCGGGAA
AAAAGT

ACACTGACGACATGGTTCTA
CAAAGACCCTAAAGTACAGA
GAGGC

ACACTGACGACATGGTTCTA
CACCTTGTTTCTATTGAGACT
GTGGTG

ACACTGACGACATGGTTCTA
CAAGACAAACTGAAAATCTC
AAAACATCAAA

ACACTGACGACATGGTTCTA
CATCAGTCATTGAAAATTCA
GCCTTAGC

TACGGTAGCAGAGACTTGGTCTT
TTTCAACAGGCCAGCAAACTTC

TACGGTAGCAGAGACTTGGTCTA
CTAAACAGTTTCACAGCTTTTTGC

TACGGTAGCAGAGACTTGGTCTT
GAAACAACAGAATCATGACATTTA
CTT

TACGGTAGCAGAGACTTGGTCTA
CAAAAGTGCCAGTAGTCATTTCA

TACGGTAGCAGAGACTTGGTCTT
CTACTGGCAGCAGTATATTTGTT

TACGGTAGCAGAGACTTGGTCTT
GATCAGTAAATAGCAAGTCCGT

TACGGTAGCAGAGACTTGGTCTC
TGAGTGTTTCCCTCCTTCATAA

TACGGTAGCAGAGACTTGGTCTA
CTGTTCTTTATTTGAAGTATTACC
ATGAC

TACGGTAGCAGAGACTTGGTCTT
CCCACTTGCAGTCTGAAAAAATG

TACGGTAGCAGAGACTTGGTCTA
AAGTTATGCAATTCTTCTGGTTTC
T

TACGGTAGCAGAGACTTGGTCTA
CCAACTGGGACACTTTCTTTCA

TACGGTAGCAGAGACTTGGTCTC
TTTTCATCACGTTCGGGTTGTC

TACGGTAGCAGAGACTTGGTCTT
GGTGATTTCACTAGTACCTTGC

TACGGTAGCAGAGACTTGGTCTT
GATCTCAATGGTCTCACATGCT

TACGGTAGCAGAGACTTGGTCTT
GATGTTTTGAGATTTTCAGTTTGT
CcT

TACGGTAGCAGAGACTTGGTCTT
CAATGACTGAATAAGGGGACTG

TACGGTAGCAGAGACTTGGTCTT
GAAGTCTGACTCACAGAAGTTTT
TC

TACGGTAGCAGAGACTTGGTCTT
CAGCTATAGTACTGTTTGAATTAT
TTTCAT

172

194

177

194

195

184

199

184

193

193

199

187

199

185

198

186

192

194

41

38

37

27

26

30

33

34

35

30

30

36

39

38

37

33

32

31

CATATTGCAGAAGAGTACATTTGAAGTGCCTGAAAACCAGATGACTATCT
TAAAGACCACTTCTGAGGAATGCAGAG
ACATTTGAAGTGCCTGAAAACCAGATGACTATCTTAAAGACCACTTCTGA
GGAATGCAGAGATGCTGATCTTCATGTCATAATGAATGCCCCATCGATT
GGTCAGGTAGACAGCAGCAAGCAATTTGAAGGTACAGTTGAAATTAAAC
GGAAGTTTGCTGGCCTGTTGAAAA
GCAGCAAGCAATTTGAAGGTACAGTTGAAATTAAACGGAAGTTTGCTGG
CCTGTTGAAAAATGACTGTAACAAAAGTGCTTCTGGTTATTTAACAGATG
AAAATGAAGTGGGGTTTAGGGGCTTTTATTCTGCTCATGGCACAAAACT
GAATGTTTCTACTGAAGCTCTGCAAAAAGCTGTGAAACTGTTTAGT
GAAGTGGGGTTTAGGGGCTTTTATTCTGCTCATGGCACAAAACTGAATG
TTTCTACTGAAGCTCTGCAAAAAGCTGTGAAACTGTTTAGTGATATTGAG
AATATTAGTGAGGAAACTTCTGCAGAGGTACATCCAATAAGTTTATCTTC
AAGTAAATGTCATGATTCTGTTGTTTCA
AGTGATATTGAGAATATTAGTGAGGAAACTTCTGCAGAGGTACATCCAAT
AAGTTTATCTTCAAGTAAATGTCATGATTCTGTTGTTTCAATGTTTAAGAT
AGAAAATCATAATGATAAAACTGTAAGTGAAAAAAATAATAAATGCCAACT
GATATTACAAAATAATATTGAAATGACTACTGGCACTTTTGT
TGTCATGATTCTGTTGTTTCAATGTTTAAGATAGAAAATCATAATGATAAA
ACTGTAAGTGAAAAAAATAATAAATGCCAACTGATATTACAAAATAATATT
GAAATGACTACTGGCACTTTTGTTGAAGAAATTACTGAAAATTACAAGAG
AAATACTGAAAATGAAGATAACAAATATACTGCTGCCAGTAGA
TGACTACTGGCACTTTTGTTGAAGAAATTACTGAAAATTACAAGAGAAAT
ACTGAAAATGAAGATAACAAATATACTGCTGCCAGTAGAAATTCTCATAA
CTTAGAATTTGATGGCAGTGATTCAAGTAAAAATGATACTGTTTGTATTCA
TAAAGATGAAACGGACTTGCTATTTACTGATCA
CAAGAGAAATACTGAAAATGAAGATAACAAATATACTGCTGCCAGTAGAA
ATTCTCATAACTTAGAATTTGATGGCAGTGATTCAAGTAAAAATGATACTG
TTTGTATTCATAAAGATGAAACGGACTTGCTATTTACTGATCAGCACAAC
ATATGTCTTAAATTATCTGGCCAGTTTATGAAGGAGGGAAACACTCAG
TGTATTCATAAAGATGAAACGGACTTGCTATTTACTGATCAGCACAACAT
ATGTCTTAAATTATCTGGCCAGTTTATGAAGGAGGGAAACACTCAGATTA
AAGAAGATTTGTCAGATTTAACTTTTTTGGAAGTTGCGAAAGCTCAAGAA
GCATGTCATGGTAATACTTCAAATAAAGAACAGT
GGCCAGTTTATGAAGGAGGGAAACACTCAGATTAAAGAAGATTTGTCAG
ATTTAACTTTTTTGGAAGTTGCGAAAGCTCAAGAAGCATGTCATGGTAAT
ACTTCAAATAAAGAACAGTTAACTGCTACTAAAACGGAGCAAAATATAAA
AGATTTTGAGACTTCTGATACATTTTTTCAGACTGCAAGTGGGA
AGAAGCATGTCATGGTAATACTTCAAATAAAGAACAGTTAACTGCTACTA
AAACGGAGCAAAATATAAAAGATTTTGAGACTTCTGATACATTTTTTCAGA
CTGCAAGTGGGAAAAATATTAGTGTCGCCAAAGAGTCATTTAATAAAATT
GTAAATTTCTTTGATCAGAAACCAGAAGAATTGCATAACTTT
TGGGAAAAATATTAGTGTCGCCAAAGAGTCATTTAATAAAATTGTAAATTT
CTTTGATCAGAAACCAGAAGAATTGCATAACTTTTCCTTAAATTCTGAATT
ACATTCTGACATAAGAAAGAACAAAATGGACATTCTAAGTTATGAGGAAA
CAGACATAGTTAAACACAAAATACTGAAAGAAAGTGTCCCAGTTGGT
ACCAGAAGAATTGCATAACTTTTCCTTAAATTCTGAATTACATTCTGACAT
AAGAAAGAACAAAATGGACATTCTAAGTTATGAGGAAACAGACATAGTTA
AACACAAAATACTGAAAGAAAGTGTCCCAGTTGGTACTGGAAATCAACTA
GTGACCTTCCAGGGACAACCCGAACGTGATGAAAAG
AAAGAAAGTGTCCCAGTTGGTACTGGAAATCAACTAGTGACCTTCCAGG
GACAACCCGAACGTGATGAAAAGATCAAAGAACCTACTCTATTGGGTTTT
CATACAGCTAGCGGGAAAAAAGTTAAAATTGCAAAGGAATCTTTGGACAA
AGTGAAAAACCTTTTTGATGAAAAAGAGCAAGGTACTAGTGAAATCACCA
TCATACAGCTAGCGGGAAAAAAGTTAAAATTGCAAAGGAATCTTTGGACA
AAGTGAAAAACCTTTTTGATGAAAAAGAGCAAGGTACTAGTGAAATCACC
AGTTTTAGCCATCAATGGGCAAAGACCCTAAAGTACAGAGAGGCCTGTA
AAGACCTTGAATTAGCATGTGAGACCATTGAGATCA
AAGACCCTAAAGTACAGAGAGGCCTGTAAAGACCTTGAATTAGCATGTG
AGACCATTGAGATCACAGCTGCCCCAAAGTGTAAAGAAATGCAGAATTC
TCTCAATAATGATAAAAACCTTGTTTCTATTGAGACTGTGGTGCCACCTA
AGCTCTTAAGTGATAATTTATGTAGACAAACTGAAAATCTCAAAACATCA
CCTTGTTTCTATTGAGACTGTGGTGCCACCTAAGCTCTTAAGTGATAATT
TATGTAGACAAACTGAAAATCTCAAAACATCAAAAAGTATCTTTTTGAAAG
TTAAAGTACATGAAAATGTAGAAAAAGAAACAGCAAAAAGTCCTGCAACT
TGTTACACAAATCAGTCCCCTTATTCAGTCATTGA
AGACAAACTGAAAATCTCAAAACATCAAAAAGTATCTTTTTGAAAGTTAAA
GTACATGAAAATGTAGAAAAAGAAACAGCAAAAAGTCCTGCAACTTGTTA
CACAAATCAGTCCCCTTATTCAGTCATTGAAAATTCAGCCTTAGCTTTTTA
CACAAGTTGTAGTAGAAAAACTTCTGTGAGTCAGACTTCA
TCAGTCATTGAAAATTCAGCCTTAGCTTTTTACACAAGTTGTAGTAGAAAA
ACTTCTGTGAGTCAGACTTCATTACTTGAAGCAAAAAAATGGCTTAGAGA
AGGAATATTTGATGGTCAACCAGAAAGAATAAATACTGCAGATTATGTAG
GAAATTATTTGTATGAAAATAATTCAAACAGTACTATAGCTGA

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits



BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2_63

BRCA2_64

BRCA2_65

BRCA2_66

BRCA2_67

BRCA2_68

BRCA2_69

BRCA2_70

BRCA2_71

BRCA2_72

BRCA2_73

BRCA2_74

BRCA2_75

BRCA2_76

BRCA2_77

BRCA2_78

BRCA2_79

BRCA2_80

BRCA2_81

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

32913566

32913649

32913735

32913854

32913964

32914091

32914156

32914255

32914397

32914478

32914546

32914658

32914749

32914851

32914958

32915045

32915188

32918559

32918683

32913759

32913831

32913933

32914036

32914149

32914275

32914353

32914448

32914568

32914674

32914737

32914834

32914934

32915046

32915151

32915243

32915372

32918755

32918853

ACACTGACGACATGGTTCTA
CATGGCTTAGAGAAGGAATA
TTTGATGGT

ACACTGACGACATGGTTCTA
CATTCAAACAGTACTATAGCT
GAAAATGAC

ACACTGACGACATGGTTCTA
CAGCTATTCCTACCATTCTG
ATGAGGT

ACACTGACGACATGGTTCTA
CATCCAAAGTAATATCCAAT
GTAAAAGATGC

ACACTGACGACATGGTTCTA
CATGCAGCCATTAAATTGTC
CATATCT

ACACTGACGACATGGTTCTA
CAACAGACAGTTTCAGTAAA
GTAATTAAGGA

ACACTGACGACATGGTTCTA
CAAATTATGGCAGGTTGTTA
CGAGG

ACACTGACGACATGGTTCTA
CATGCTGACATTCAGAGTGA
AGAAA

ACACTGACGACATGGTTCTA
CAGTCTCATCTGCAAATACTT
GTGGG

ACACTGACGACATGGTTCTA
CAGCAAGACAAGTGTTTTCT
GAAATAGAAG

ACACTGACGACATGGTTCTA
CATAACGAACATTCAGACCA
GCTCA

ACACTGACGACATGGTTCTA
CATCTGGATTTAGTACAGCA
AGTGGA

ACACTGACGACATGGTTCTA
CATCAGAACTGAGCATAGTC
TTCACT

ACACTGACGACATGGTTCTA
CACAGAAATGGAAAAAACCT
GCAGTA

ACACTGACGACATGGTTCTA
CATCTCAATTTCAACAAGACA
AACAACA

ACACTGACGACATGGTTCTA
CAGCTTCACCTAAAAACGTA
AAAATGGAA

ACACTGACGACATGGTTCTA
CAAGCTTTTATGGAAGATGA
TGAACTGA

ACACTGACGACATGGTTCTA
CACACTATTTGTTGTAAGTAT
TTTTGTTTAACATTT
ACACTGACGACATGGTTCTA
CAATTTCTTTTTAGGAGAACC
CTCAATCAA

TACGGTAGCAGAGACTTGGTCTA
CCTCATCAGAATGGTAGGAATAG
C

TACGGTAGCAGAGACTTGGTCTT
CAACATTCTTCAATACTGGCTCAA

TACGGTAGCAGAGACTTGGTCTA
CAAGTTCCTCAACGCAAATATC

TACGGTAGCAGAGACTTGGTCTA
CTGGCTATCCTAAATGCAGGTG

TACGGTAGCAGAGACTTGGTCTT
GGCAAATTTTTGATTTATTCTCGT
TGTTT

TACGGTAGCAGAGACTTGGTCTT
CTTCACTCTGAATGTCAGCAAA

TACGGTAGCAGAGACTTGGTCTG
TTTCCAAACTAACATCACAAGGT

TACGGTAGCAGAGACTTGGTCTC
AGATTTTCCACTTGCTGTGCTAA

TACGGTAGCAGAGACTTGGTCTT
GAGCTGGTCTGAATGTTCGTTA

TACGGTAGCAGAGACTTGGTCTG
CTGTACTAAATCCAGAGAAAGCA
GA

TACGGTAGCAGAGACTTGGTCTT
CCTCTAACACTCCCTTAACTTTGT
G

TACGGTAGCAGAGACTTGGTCTT
GGGTTTCTCTTATCAACACGAGG

TACGGTAGCAGAGACTTGGTCTA
GTGATTATTTTCTGAAGAACCACC
TT

TACGGTAGCAGAGACTTGGTCTG
CCTGTTCTTTTCCCAAAACATGAA

TACGGTAGCAGAGACTTGGTCTT
CTGAATCTTTGGAGTAAGTAGAA
CA

TACGGTAGCAGAGACTTGGTCTG
TGTGGCATGACTTGGCAGTTTA

TACGGTAGCAGAGACTTGGTCTT
AGTGATTGGCAACACGAAAGGT

TACGGTAGCAGAGACTTGGTCTT
CTTGATTTTCTATTATCCTGTCAA
ATTCAT
TACGGTAGCAGAGACTTGGTCTG
TCAGAATATTATATACCATACCTA
TAGAGGGAGA

194

183

199

183

186

185

198

194

172

197

192

177

186

196

194

199

185

197

171

31

32

32

36

32

35

34

34

37

35

36

36

33

32

33

34

38

23

29

TGGCTTAGAGAAGGAATATTTGATGGTCAACCAGAAAGAATAAATACTGC
AGATTATGTAGGAAATTATTTGTATGAAAATAATTCAAACAGTACTATAGC
TGAAAATGACAAAAATCATCTCTCCGAAAAACAAGATACTTATTTAAGTAA
CAGTAGCATGTCTAACAGCTATTCCTACCATTCTGATGAGGT
TTCAAACAGTACTATAGCTGAAAATGACAAAAATCATCTCTCCGAAAAAC
AAGATACTTATTTAAGTAACAGTAGCATGTCTAACAGCTATTCCTACCATT
CTGATGAGGTATATAATGATTCAGGATATCTCTCAAAAAATAAACTTGATT
CTGGTATTGAGCCAGTATTGAAGAATGTTGA
GCTATTCCTACCATTCTGATGAGGTATATAATGATTCAGGATATCTCTCA
AAAAATAAACTTGATTCTGGTATTGAGCCAGTATTGAAGAATGTTGAAGA
TCAAAAAAACACTAGTTTTTCCAAAGTAATATCCAATGTAAAAGATGCAAA
TGCATACCCACAAACTGTAAATGAAGATATTTGCGTTGAGGAACTTGT
TCCAAAGTAATATCCAATGTAAAAGATGCAAATGCATACCCACAAACTGT
AAATGAAGATATTTGCGTTGAGGAACTTGTGACTAGCTCTTCACCCTGCA
AAAATAAAAATGCAGCCATTAAATTGTCCATATCTAATAGTAATAATTTTG
AGGTAGGGCCACCTGCATTTAGGATAGCCAGT
TGCAGCCATTAAATTGTCCATATCTAATAGTAATAATTTTGAGGTAGGGC
CACCTGCATTTAGGATAGCCAGTGGTAAAATCGTTTGTGTTTCACATGAA
ACAATTAAAAAAGTGAAAGACATATTTACAGACAGTTTCAGTAAAGTAATT
AAGGAAAACAACGAGAATAAATCAAAAATTTGCCA
ACAGACAGTTTCAGTAAAGTAATTAAGGAAAACAACGAGAATAAATCAAA
AATTTGCCAAACGAAAATTATGGCAGGTTGTTACGAGGCATTGGATGATT
CAGAGGATATTCTTCATAACTCTCTAGATAATGATGAATGTAGCACGCAT
TCACATAAGGTTTTTGCTGACATTCAGAGTGAAGA
AATTATGGCAGGTTGTTACGAGGCATTGGATGATTCAGAGGATATTCTTC
ATAACTCTCTAGATAATGATGAATGTAGCACGCATTCACATAAGGTTTTT
GCTGACATTCAGAGTGAAGAAATTTTACAACATAACCAAAATATGTCTGG
ATTGGAGAAAGTTTCTAAAATATCACCTTGTGATGTTAGTTTGGAAAC
TGCTGACATTCAGAGTGAAGAAATTTTACAACATAACCAAAATATGTCTG
GATTGGAGAAAGTTTCTAAAATATCACCTTGTGATGTTAGTTTGGAAACT
TCAGATATATGTAAATGTAGTATAGGGAAGCTTCATAAGTCAGTCTCATC
TGCAAATACTTGTGGGATTTTTAGCACAGCAAGTGGAAAATCTG
GTCTCATCTGCAAATACTTGTGGGATTTTTAGCACAGCAAGTGGAAAATC
TGTCCAGGTATCAGATGCTTCATTACAAAACGCAAGACAAGTGTTTTCTG
AAATAGAAGATAGTACCAAGCAAGTCTTTTCCAAAGTATTGTTTAAAAGTA
ACGAACATTCAGACCAGCTCA
GCAAGACAAGTGTTTTCTGAAATAGAAGATAGTACCAAGCAAGTCTTTTC
CAAAGTATTGTTTAAAAGTAACGAACATTCAGACCAGCTCACAAGAGAAG
AAAATACTGCTATACGTACTCCAGAACATTTAATATCCCAAAAAGGCTTTT
CATATAATGTGGTAAATTCATCTGCTTTCTCTGGATTTAGTACAGC
TAACGAACATTCAGACCAGCTCACAAGAGAAGAAAATACTGCTATACGTA
CTCCAGAACATTTAATATCCCAAAAAGGCTTTTCATATAATGTGGTAAATT
CATCTGCTTTCTCTGGATTTAGTACAGCAAGTGGAAAGCAAGTTTCCATT
TTAGAAAGTTCCTTACACAAAGTTAAGGGAGTGTTAGAGGA
TCTGGATTTAGTACAGCAAGTGGAAAGCAAGTTTCCATTTTAGAAAGTTC
CTTACACAAAGTTAAGGGAGTGTTAGAGGAATTTGATTTAATCAGAACTG
AGCATAGTCTTCACTATTCACCTACGTCTAGACAAAATGTATCAAAAATA
CTTCCTCGTGTTGATAAGAGAAACCCA
TCAGAACTGAGCATAGTCTTCACTATTCACCTACGTCTAGACAAAATGTA
TCAAAAATACTTCCTCGTGTTGATAAGAGAAACCCAGAGCACTGTGTAAA
CTCAGAAATGGAAAAAACCTGCAGTAAAGAATTTAAATTATCAAATAACTT
AAATGTTGAAGGTGGTTCTTCAGAAAATAATCACT
CAGAAATGGAAAAAACCTGCAGTAAAGAATTTAAATTATCAAATAACTTAA
ATGTTGAAGGTGGTTCTTCAGAAAATAATCACTCTATTAAAGTTTCTCCAT
ATCTCTCTCAATTTCAACAAGACAAACAACAGTTGGTATTAGGAACCAAA
GTGTCACTTGTTGAGAACATTCATGTTTTGGGAAAAGAACAGGC
TCTCAATTTCAACAAGACAAACAACAGTTGGTATTAGGAACCAAAGTGTC
ACTTGTTGAGAACATTCATGTTTTGGGAAAAGAACAGGCTTCACCTAAAA
ACGTAAAAATGGAAATTGGTAAAACTGAAACTTTTTCTGATGTTCCTGTG
AAAACAAATATAGAAGTTTGTTCTACTTACTCCAAAGATTCAGA
GCTTCACCTAAAAACGTAAAAATGGAAATTGGTAAAACTGAAACTTTTTCT
GATGTTCCTGTGAAAACAAATATAGAAGTTTGTTCTACTTACTCCAAAGAT
TCAGAAAACTACTTTGAAACAGAAGCAGTAGAAATTGCTAAAGCTTTTAT
GGAAGATGATGAACTGACAGATTCTAAACTGCCAAGTCATGCCACAC
AGCTTTTATGGAAGATGATGAACTGACAGATTCTAAACTGCCAAGTCATG
CCACACATTCTCTTTTTACATGTCCCGAAAATGAGGAAATGGTTTTGTCA
AATTCAAGAATTGGAAAAAGAAGAGGAGAGCCCCTTATCTTAGTGGGTA
AGTGTTCATTTTTACCTTTCGTGTTGCCAATCACTA
CACTATTTGTTGTAAGTATTTTTGTTTAACATTTAAAGAGTCAATACTTTAG
CTTTAAAAAAATGGTCTATAGACTTTTGAGAAATAAAACTGATATTATTTG
CCTTAAAAACATATATGAAATATTTCTTTTTAGGAGAACCCTCAATCAAAA
GAAACTTATTAAATGAATTTGACAGGATAATAGAAAATCAAGA

ATTTCTTTTTAGGAGAACCCTCAATCAAAAGAAACTTATTAAATGAATTTG
ACAGGATAATAGAAAATCAAGAAAAATCCTTAAAGGCTTCAAAAAGCACT

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits



BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2_83

BRCA2_127

BRCA2_85

BRCA2_86

BRCA2_87

BRCA2_88

BRCA2_89

BRCA2_90

BRCA2_91

BRCA2_92

BRCA2_93

BRCA2_94

BRCA2_95

BRCA2_96

BRCA2_97

BRCA2_98

BRCA2_99

BRCA2_100

BRCA2_101

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

32920895

32920953

32928912

32928997

32929113

32929181

32929315

32930503

32930607

32931809

32931907

32936578

32936661

32936738

32937263

32937366

32937465

32937594

32944423

32921044

32921102

32929110

32929195

32929288

32929377

32929467

32930690

32930790

32932007

32932099

32936771

32936831

32936933

32937433

32937563

32937648

32937785

32944616

ACACTGACGACATGGTTCTA
CAGTATTTACAGTAACATGG
ATATTCTCTTAGATTT
ACACTGACGACATGGTTCTA
CATTGTTTCCTAGGCACAAT
AAAAGA

ACACTGACGACATGGTTCTA
CACAAATGAGGGTCTGCAAC
AAAGG

ACACTGACGACATGGTTCTA
CAGCACAACTAAGGAACGTC
AAGAG

ACACTGACGACATGGTTCTA
CATTAGCAGTTTCAGGACAT
CCATT

ACACTGACGACATGGTTCTA
CATACTACAGGCAGACCAAC
CAAAG

ACACTGACGACATGGTTCTA
CACTGATGATAGTAAAAATAA
GATTAATGACAATGAG

ACACTGACGACATGGTTCTA
CAGGCCAGGGGTTGTGCTTT
TTA

ACACTGACGACATGGTTCTA
CATGCGAATTAAGAAGAAAC
AAAGGC

ACACTGACGACATGGTTCTA
CATTGTTTTTATTGTGTGATA
CATGTTTACTTT

ACACTGACGACATGGTTCTA
CAGCATAAAAATTAACAGCA
AAAATGCAG

ACACTGACGACATGGTTCTA
CATGTACAGAGAATAGTTGT
AGTTGTTGA

ACACTGACGACATGGTTCTA
CAGCTCTGTGTGACACTCCA
GGT

ACACTGACGACATGGTTCTA
CAATGGAAACTGGCAGCTAT
GGAAT

ACACTGACGACATGGTTCTA
CATGGAATTCTAGAGTCACA
CTTCCTAA

ACACTGACGACATGGTTCTA
CATGGAAAGGGATGACACAG
C

ACACTGACGACATGGTTCTA
CAGTAGTGCAGATACCCAAA
AAGTGG

ACACTGACGACATGGTTCTA
CATTCTTCATGGAGCAGAAC
TGGTG
ACACTGACGACATGGTTCTA
CATTTTTAAAGTGAATATTTT
TAAGGCAGTTCT

TACGGTAGCAGAGACTTGGTCTA
CATGTCTTACCGAAAGGGTACA
TACGGTAGCAGAGACTTGGTCTT
GTTCATTTATAAAAACGAGACTTT
TC

TACGGTAGCAGAGACTTGGTCTT
GCTTGAAGATTTTTCCAAAGTCA
G

TACGGTAGCAGAGACTTGGTCTG
GTCTGCCTGTAGTAATCAAGTG

TACGGTAGCAGAGACTTGGTCTT
GTCTGTTTTCCTCCAAGTTAATAT
TCC

TACGGTAGCAGAGACTTGGTCTT
GGAGTTGTTTTTGTTAAACTGATG
A

TACGGTAGCAGAGACTTGGTCTA
CTGAAAGGCAAAAATTCATCACA
CA

TACGGTAGCAGAGACTTGGTCTT
TCGAGGCAGAGTGGATGTTTTT

TACGGTAGCAGAGACTTGGTCTA
CACTCTGTCATAAAAGCCATCAG
T

TACGGTAGCAGAGACTTGGTCTA
GCCAACTGTATTCCTTTTCCAGT

TACGGTAGCAGAGACTTGGTCTA
AAGTTAACACACAATCTTTTTGCA
TAG

TACGGTAGCAGAGACTTGGTCTA
GGAAAGGCACATTCCATAGCTG

TACGGTAGCAGAGACTTGGTCTC
CTGTATTTTAGTTGAAGAAGCAC
CcC

TACGGTAGCAGAGACTTGGTCTG
ACAACTGGCTTGTGCAACATTT

TACGGTAGCAGAGACTTGGTCTT
GCGCTCAATGAAATTATGTCAGA
AAC

TACGGTAGCAGAGACTTGGTCTT
CTTTAAGACAGCTAAGAGGGGAG

TACGGTAGCAGAGACTTGGTCTG
CTTCAAGAGGTGTACAGGCATC

TACGGTAGCAGAGACTTGGTCTT
CAGTACATCTAAGAAATTGAGCA
TCC

TACGGTAGCAGAGACTTGGTCTC
AGAGGAAAAGGTCTAGGGTCAG

150

150

199

199

176

197

153

188

184

199

193

194

171

196

171

198

184

192

194

31

31

35

36

35

34

31

37

45

30

36

36

a1

40

35

40

a7

35

32

CCAGATGGTAAAATTAGCTTTTTATTTATATCTGTTCTCCCTCTATAGGTA
TGGTATATAATAttctgac
GTATTTACAGTAACATGGATATTCTCTTAGATTTTAACTAATATGTAATATA
AAATAATTGTTTCCTAGGCACAATAAAAGATCGAAGATTGTTTATGCATCA
TGTTTCTTTAGAGCCGATTACCTGTGTACCCTTTCGGTAAGACATGT
TTGTTTCCTAGGCACAATAAAAGATCGAAGATTGTTTATGCATCATGTTTC
TTTAGAGCCGATTACCTGTGTACCCTTTCGGTAAGACATGTTTAAATTTTT
CTAAATTCTAATACAGTATGAGAAAAGTCTCGTTTTTATAAATGAACA
CAAATGAGGGTCTGCAACAAAGGCATATTCCTAAATATTTATATGTGTAC
TAGTCAATAAACTTATATATTTTCTCCCCATTGCAGCACAACTAAGGAAC
GTCAAGAGATACAGAATCCAAATTTTACCGCACCTGGTCAAGAATTTCTG
TCTAAATCTCATTTGTATGAACATCTGACTTTGGAAAAATCTTCAAGCA
GCACAACTAAGGAACGTCAAGAGATACAGAATCCAAATTTTACCGCACC
TGGTCAAGAATTTCTGTCTAAATCTCATTTGTATGAACATCTGACTTTGGA
AAAATCTTCAAGCAATTTAGCAGTTTCAGGACATCCATTTTATCAAGTTTC
TGCTACAAGAAATGAAAAAATGAGACACTTGATTACTACAGGCAGACC
TTAGCAGTTTCAGGACATCCATTTTATCAAGTTTCTGCTACAAGAAATGA
AAAAATGAGACACTTGATTACTACAGGCAGACCAACCAAAGTCTTTGTTC
CACCTTTTAAAACTAAATCACATTTTCACAGAGTTGAACAGTGTGTTAGG
AATATTAACTTGGAGGAAAACAGACA
TACTACAGGCAGACCAACCAAAGTCTTTGTTCCACCTTTTAAAACTAAAT
CACATTTTCACAGAGTTGAACAGTGTGTTAGGAATATTAACTTGGAGGAA
AACAGACAAAAGCAAAACATTGATGGACATGGCTCTGATGATAGTAAAAA
TAAGATTAATGACAATGAGATTCATCAGTTTAACAAAAACAACTCCA
CTGATGATAGTAAAAATAAGATTAATGACAATGAGATTCATCAGTTTAACA
AAAACAACTCCAATCAAGCAGTAGCTGTAACTTTCACAAAGTGTGAAGAA
GAACCTTTAGGTATTGTATGACAATTTGTGTGATGAATTTTTGCCTTTCAG
T
99cCAGGGGTTGTGCTTTTTAAATTTCAATTTTATTTTTGCTAAGTATTTATT
CTTTGATAGATTTAATTACAAGTCTTCAGAATGCCAGAGATATACAGGAT
ATGCGAATTAAGAAGAAACAAAGGCAACGCGTCTTTCCACAGCCAGGCA
GTCTGTATCTTGCAAAAACATCCACTCTGCCTCGAA
TGCGAATTAAGAAGAAACAAAGGCAACGCGTCTTTCCACAGCCAGGCAG
TCTGTATCTTGCAAAAACATCCACTCTGCCTCGAATCTCTCTGAAAGCAG
CAGTAGGAGGCCAAGTTCCCTCTGCGTGTTCTCATAAACAGGTATGTGT
TTGTCTACAATACTGATGGCTTTTATGACAGAGTGT
TTGTTTTTATTGTGTGATACATGTTTACTTTAAATTGTTTTTCTTTTTTGTG
TGTGTTTATTTTGTGTAGCTGTATACGTATGGCGTTTCTAAACATTGCATA
AAAATTAACAGCAAAAATGCAGAGTCTTTTCAGTTTCACACTGAAGATTAT
TTTGGTAAGGAAAGTTTATGGACTGGAAAAGGAATACAGTTGGCT
GCATAAAAATTAACAGCAAAAATGCAGAGTCTTTTCAGTTTCACACTGAA
GATTATTTTGGTAAGGAAAGTTTATGGACTGGAAAAGGAATACAGTTGGC
TGATGGTGGATGGCTCATACCCTCCAATGATGGAAAGGCTGGAAAAGAA
GAATTTTATAGGTACTCTATGCAAAAAGATTGTGTGTTAACTTT
TGTACAGAGAATAGTTGTAGTTGTTGAATTCAGTATCATCCTATGTGGTT
TTTATGATAATATTCTACTTTTATTTGTTCAGGGCTCTGTGTGACACTCCA
GGTGTGGATCCAAAGCTTATTTCTAGAATTTGGGTTTATAATCACTATAG
ATGGATCATATGGAAACTGGCAGCTATGGAATGTGCCTTTCCT
GCTCTGTGTGACACTCCAGGTGTGGATCCAAAGCTTATTTCTAGAATTTG
GGTTTATAATCACTATAGATGGATCATATGGAAACTGGCAGCTATGGAAT
GTGCCTTTCCTAAGGAATTTGCTAATAGATGCCTAAGCCCAGAAAGGGT
GCTTCTTCAACTAAAATACAGG
ATGGAAACTGGCAGCTATGGAATGTGCCTTTCCTAAGGAATTTGCTAATA
GATGCCTAAGCCCAGAAAGGGTGCTTCTTCAACTAAAATACAGGCAAGT
TTAAAGCATTACATTACGTAATCATATACGGCAGTATGGTTAAGGTTTCT
GTGTAGTCTGTGACTTCCATGTCAAAATGTTGCACAAGCCAGTTGTC
TGGAATTCTAGAGTCACACTTCCTAAAATATGCATTTTTGTTTTCACTTTT
AGATATGATACGGAAATTGATAGAAGCAGAAGATCGGCTATAAAAAAGAT
AATGGAAAGGGATGACACAGCTGCAAAAACACTTGTTCTCTGTGTTTCTG
ACATAATTTCATTGAGCGCA
TGGAAAGGGATGACACAGCTGCAAAAACACTTGTTCTCTGTGTTTCTGA
CATAATTTCATTGAGCGCAAATATATCTGAAACTTCTAGCAATAAAACTAG
TAGTGCAGATACCCAAAAAGTGGCCATTATTGAACTTACAGATGGGTGG
TATGCTGTTAAGGCCCAGTTAGATCCTCCCCTCTTAGCTGTCTTAAAGA
GTAGTGCAGATACCCAAAAAGTGGCCATTATTGAACTTACAGATGGGTG
GTATGCTGTTAAGGCCCAGTTAGATCCTCCCCTCTTAGCTGTCTTAAAGA
ATGGCAGACTGACAGTTGGTCAGAAGATTATTCTTCATGGAGCAGAACT
GGTGGGCTCTCCTGATGCCTGTACACCTCTTGAAGC
TTCTTCATGGAGCAGAACTGGTGGGCTCTCCTGATGCCTGTACACCTCT
TGAAGCCCCAGAATCTCTTATGTTAAAGGTAAATTAATTTGCACTCTTGG
TAAAAATCAGTCATTGATTCAGTTAAATTCTAGAAGTTTTACATTTAAATTT
TAAATGCTTACTAAGGATGCTCAATTTCTTAGATGTACTGA

TTTTTAAAGTGAATATTTTTAAGGCAGTTCTAGAAGAATGAAAACTCTTAT
GATATCTGTAATAGAATTGAATACATATTTAACTACTAAATCAATATATTTA

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits



BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2_102

BRCA2_103

BRCA2_104

BRCA2_105

BRCA2_106

BRCA2_107

BRCA2_108

BRCA2_109

BRCA2_110

BRCA2_111

BRCA2_112
BRCA2_Intr
on_24_ regi
on_1 1
BRCA2_Intr
on_24__ regi
on_1 2
BRCAZ2_Intr
on_24__ regi
on_1l 3
BRCAZ2_Intr
on_24_ regi
on_1l 4
BRCA2_Intr
on_24_ regi
on_1l 5
BRCA2_Intr
on_24__ regi
on_l 6
BRCAZ2_Intr
on_24__ regi
on_1l 7

BRCA2_Intr
on_24__ regi
on_2_ 1
BRCAZ2_Intr
on_24__ regi
on_2_ 2

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

32944558

32945018

32945088

32950735

32950838

32953398

32953496

32953847

32953901

32954047

32954171

32955429

32955521

32955600

32955731

32955824

32955922

32956034

32958725

32958830

32944739

32945192

32945279

32950927

32951010

32953576

32953694

32954025

32954099

32954235

32954369

32955627

32955716

32955779

32955909

32956006

32956107

32956227

32958923

32959024

ACACTGACGACATGGTTCTA
CAGGCCTGCTCGCTGGTAT

ACACTGACGACATGGTTCTA
CACTGTGCCTGGCCTGATAC
AATTA

ACACTGACGACATGGTTCTA
CATACAGTGGATGGAGAAGA
CATCA

ACACTGACGACATGGTTCTA
CATGCTTGGTTCTTTAGTTTT
AGTTGCT

ACACTGACGACATGGTTCTA
CATGCACTAACAAGACAGCA
AGTTC

ACACTGACGACATGGTTCTA
CAAGATGGAACTTTTTTGTTC
TGATTGC

ACACTGACGACATGGTTCTA
CAAGGCAAATGTTGAATGAT
AAGAAACA

ACACTGACGACATGGTTCTA
CACACTTCTTCCATTGCATCT
TTCTCA

ACACTGACGACATGGTTCTA
CATGGCGTCCATCATCAGAT
TTATATTC

ACACTGACGACATGGTTCTA
CAACCGGTACAAACCTTTCA
TTGT

ACACTGACGACATGGTTCTA
CATACCAGCCACGGGAGCC
ACACTGACGACATGGTTCTA
CAGGGGAGGGAGATTACAA
ACAAAG
ACACTGACGACATGGTTCTA
CATGTCAGAGAAGAGAGAG
GGATGT
ACACTGACGACATGGTTCTA
CAAAGCTTGAAGGAATTGAG
GGAGT
ACACTGACGACATGGTTCTA
CAGTGAGAAGTAACATCCAG
GGACA
ACACTGACGACATGGTTCTA
CAACAGGAAAATTCCAGGTA
GAGGG
ACACTGACGACATGGTTCTA
CAAAACAAGCCATTTGGAGG
CTCTT

ACACTGACGACATGGTTCTA
CAGGGACGGTGCAGGATGG

ACACTGACGACATGGTTCTA
CAAAGTGAGGAGGCCTAGAT
GTCAG
ACACTGACGACATGGTTCTA
CAGATAGTCTGGAGCAGTTA
AGATGT

TACGGTAGCAGAGACTTGGTCTA
TCAAAAGAAAGAAATATATGGTAA
GTTTCAAG

TACGGTAGCAGAGACTTGGTCTC
TAGTCTCTTTTGTTGGGCCTCC

TACGGTAGCAGAGACTTGGTCTT
CATATTAGAAATAACAATGTGTAC
CATATAACT

TACGGTAGCAGAGACTTGGTCTT
CAAGGTAAGCTGGGTCTGC

TACGGTAGCAGAGACTTGGTCTC
CTGTGATGGCCAGAGAGTCTAA

TACGGTAGCAGAGACTTGGTCTT
TCCTTTTGTTCAGCAGATTCCA

TACGGTAGCAGAGACTTGGTCTA
AGTTAATAAAACTGATAAAAACAA
AGCATTTAC

TACGGTAGCAGAGACTTGGTCTT
TTGTCGCTGCTAACTGTATGTT

TACGGTAGCAGAGACTTGGTCTA
CTAACAAGCACTTATCAAAACTGA
AA

TACGGTAGCAGAGACTTGGTCTG
AACAAGATGGCTGAAAGTCTGG

TACGGTAGCAGAGACTTGGTCTT
GGTAGCTCCAACTAATCATAAGA
GA

TACGGTAGCAGAGACTTGGTCTA
CCTCACTCCCTCAATTCCTTCA

TACGGTAGCAGAGACTTGGTCTC
AATGCTTCACGGCACACTAGG

TACGGTAGCAGAGACTTGGTCTC
ACACGACCTGGCTCTTCAC

TACGGTAGCAGAGACTTGGTCTC
CCCTACAGCCTATTCTCAACAC

TACGGTAGCAGAGACTTGGTCTG
ACTGCTTCTCACCACTTCCATT

TACGGTAGCAGAGACTTGGTCTT
GCTTTTCTTGCAGTCTTTCCTT

TACGGTAGCAGAGACTTGGTCTC
CAGCCATTCCTCTGAACAGATT

TACGGTAGCAGAGACTTGGTCTT
CTGGTCCAAGACTCTGTTTTCC

TACGGTAGCAGAGACTTGGTCTA
GTTCTCCAGCACTTCCTCATTC

182

175

192

193

173

179

199

179

199

189

199

199

196

180

179

183

186

194

199

195

39

38

34

37

45

36

35

34

33

35

35

40

49

53

51

45

42

42

43

41

TTAATTTGTCCAGATTTCTGCTAACAGTACTCGGCCTGCTCGCTGGTATA
CCAAACTTGGATTCTTTCCTGACCCTAGACCTTTTCCTCTG
GGCCTGCTCGCTGGTATACCAAACTTGGATTCTTTCCTGACCCTAGACC
TTTTCCTCTGCCCTTATCATCGCTTTTCAGTGATGGAGGAAATGTTGGTT
GTGTTGATGTAATTATTCAAAGAGCATACCCTATACAGGTATGATGTATT
CTTGAAACTTACCATATATTTCTTTCTTTTGAT
ctgtgcctggccTGATACAATTAACTTGAATGTTATATATGTGACTTTTTTGGTG
TGTGTAACACATTATTACAGTGGATGGAGAAGACATCATCTGGATTATAC
ATATTTCGCAATGAAAGAGAGGAAGAAAAGGAAGCAGCAAAATATGTGG
AGGCCCAACAAAAGAGACTAG
TACAGTGGATGGAGAAGACATCATCTGGATTATACATATTTCGCAATGAA
AGAGAGGAAGAAAAGGAAGCAGCAAAATATGTGGAGGCCCAACAAAAG
AGACTAGAAGCCTTATTCACTAAAATTCAGGAGGAATTTGAAGAACATGA
AGGTAAAATTAGTTATATGGTACACATTGTTATTTCTAATATGA
TGCTTGGTTCTTTAGTTTTAGTTGCTTTTGAATTTACAGTTTAGTGAATTA
ATAATCCTTTTGTTTTCTTAGAAAACACAACAAAACCATATTTACCATCAC
GTGCACTAACAAGACAGCAAGTTCGTGCTTTGCAAGATGGTGCAGAGCT
TTATGAAGCAGTGAAGAATGCAGCAGACCCAGCTTACCTTGA
TGCACTAACAAGACAGCAAGTTCGTGCTTTGCAAGATGGTGCAGAGCTT
TATGAAGCAGTGAAGAATGCAGCAGACCCAGCTTACCTTGAGGTGAGAG
AGTAAGAGGACATATAATGAGGCTTGATGATTATTCAAGGTGAGAAGCT
GTTTTAGACTCTCTGGCCATCACAGG
AGATGGAACTTTTTTGTTCTGATTGCTTTTTATTCCAATATCTTAAATGGT
CACAGGGTTATTTCAGTGAAGAGCAGTTAAGAGCCTTGAATAATCACAG
GCAAATGTTGAATGATAAGAAACAAGCTCAGATCCAGTTGGAAATTAGGA
AGGCCATGGAATCTGCTGAACAAAAGGAA
AGGCAAATGTTGAATGATAAGAAACAAGCTCAGATCCAGTTGGAAATTAG
GAAGGCCATGGAATCTGCTGAACAAAAGGAACAAGGTTTATCAAGGGAT
GTCACAACCGTGTGGAAGTTGCGTATTGTAAGCTATTCAAAAAAAGAAAA
AGATTCAGGTAAGTATGTAAATGCTTTGTTTTTATCAGTTTTATTAACTT
CACTTCTTCCATTGCATCTTTCTCATCTTTCTCCAAACAGTTATACTGAGT
ATTTGGCGTCCATCATCAGATTTATATTCTCTGTTAACAGAAGGAAAGAG
ATACAGAATTTATCATCTTGCAACTTCAAAATCTAAAAGTAAATCTGAAAG
AGCTAACATACAGTTAGCAGCGACAAA
TGGCGTCCATCATCAGATTTATATTCTCTGTTAACAGAAGGAAAGAGATA
CAGAATTTATCATCTTGCAACTTCAAAATCTAAAAGTAAATCTGAAAGAGC
TAACATACAGTTAGCAGCGACAAAAAAAACTCAGTATCAACAACTACCGG
TACAAACCTTTCATTGTAATTTTTCAGTTTTGATAAGTGCTTGTTAGT
ACCGGTACAAACCTTTCATTGTAATTTTTCAGTTTTGATAAGTGCTTGTTA
GTTTATGGAATCTCCATATGTTGAATTTTTGTTTTGTTTTCTGTAGGTTTC
AGATGAAATTTTATTTCAGATTTACCAGCCACGGGAGCCCCTTCACTTCA
GCAAATTTTTAGATCCAGACTTTCAGCCATCTTGTTC
TACCAGCCACGGGAGCCCCTTCACTTCAGCAAATTTTTAGATCCAGACTT
TCAGCCATCTTGTTCTGAGGTGGACCTAATAGGATTTGTCGTTTCTGTTG
TGAAAAAAACAGGTAATGCACAATATAGTTAATTTTTTTTATTGATTCTTTT
AAAAAACATTGTCTTTTAAAATCTCTTATGATTAGTTGGAGCTACCA
ggggagggagattacaaacaaac aagtaatatacatgtgtatagtttttttagtgctcac
attaagtgggtaagggggtaatgtcagagaagagagagggatgtaattttagattgagaggtgaggaga
gagacctccctggaaagctgacatttgagtgaagcttgaaggaattgagggagtgaggt
tgtcagagaagagagagggatgtaattttagattgagaggtgaggagagagacctccctggaaagctga
catttgagtgaagcttgaaggaattgagggagtgaggtgaggcatgtggccatctggggaaagctttccag
gcaattacaaaggccgcagtacagcaggatcatgcectagtgtgccgtgaagcattg
aagcttgaaggaattgagggagtgaggtgaggcatgtggccatctggggaaagctttccaggcaattaca
aaggccgcagtacagcaggatcatgcectagtgtgccgtgaagcattggcagagaccagagagtgagaa
gtaacatccagggacagaggcagtgaagagccaggtcgtgty
gtgagaagtaacatccagggacagaggcagtgaagagccaggtegtgtgggggtecttgtgtggactgt
aacttcctgtgatgacaggaagtcacaggaaaattccaggtagagggacactgtctgacaggttttcacag
aatcattcaggccactgtgttgagaataggctgtagggg
acaggaaaattccaggtagagggacactgtctgacaggttttcacagaatcattcaggccactgtgttgag
aataggctgtagggggcacaagagtacaaacaagccatttggaggctctttcaagcacttaggcaaaag
atgatgaaccaaacaaaagcaatggaagtggtgagaagcagtc
aaacaagccatttggaggctctttcaagcacttaggcaaaagatgatgaaccaaacaaaagcaatggaa
gtggtgagaagcagtcagattctigtigtattttgaaggtagggggacggtgcaggatggtctgaacattggg

ggaattgccacttagaaggaaagactgcaagaaaagca
gggacggtgcaggatggtctgaacattgge Jjgaattgccacttagaaggaaagactgcaaga
aaagcaagtatgtggggaagttcaggagctcagttttagacagttaagttttagatgcttattaggcatctaag
tagaaatgtctacttgatggttacataggaatctgttcagaggaatggctgg
AAGTGAGGAGGCCTAGATGTCAGAGGAGTCCGGCTAAACCACTGCAGA
ACTGCTGCCTAATTCACAGCAACCATGAGTAAAAATGCTGATGATCATCA
GGTCAAGGATAGTCTGGAGCAGTTAAGATGTTACTTTACATGGGAGGTA
TCAATTAAAGATGATGAAATGCCTGATTTGGAAAACAGAGTCTTGGACCA
GA

GATAGTCTGGAGCAGTTAAGATGTTACTTTACATGGGAGGTATCAATTAA
AGATGATGAAATGCCTGATTTGGAAAACAGAGTCTTGGACCAGATTGGG

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region
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BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCAZ2_Intr
on_24__ regi
on_2_3
BRCAZ2_Intr
on_24__ regi
on_2_ 4
BRCAZ2_Intr
on_24__ regi
on_2_5
BRCA2_Intr
on_24__ regi
on_2_6
BRCA2_Intr
on_24__ regi
on_2_7
BRCA2_Intr
on_24__ regi
on_3_ 1
BRCAZ2_Intr
on_24__ regi
on_3 2
BRCAZ2_Intr
on_24_ regi
on_3_ 3
BRCA2_Intr
on_24_ regi
on_3_4
BRCA2_Intr
on_24__ regi
on_3_5
BRCAZ2_Intr
on_24__ regi
on_3_6
BRCAZ2_Intr
on_24_ regi
on_3 7
BRCAZ2_Intr
on_24_ regi
on_3_8
BRCAZ2_Intr
on_24_ regi
on_3 9
BRCA2_Intr
on_24_ regi
on_3__10
BRCA2_Intr
on_24__ regi
on_3_11
BRCAZ2_Intr
on_24__ regi
on_3_ 12
BRCAZ2_Intr
on_24__ regi
on_3_ 13
BRCA2_113
BRCA2_114

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

32958974

32959058

32959147

32959205

32959311

32964498

32964614

32964707

32964809

32964908

32965017

32965060

32965183

32965220

32965331

32965437

32965531

32965663

32968741

32968830

32959172

32959234

32959333

32959401

32959504

32964682

32964772

32964900

32965000

32965094

32965207

32965244

32965359

32965418

32965527

32965630

32965725

32965858

32968935

32969028

ACACTGACGACATGGTTCTA
CATAGCCTATGTGAAACACC
CGAAA

ACACTGACGACATGGTTCTA
CAATGCCAATCAGATTTGAG
AAGCC

ACACTGACGACATGGTTCTA
CAACCTGGACAAGGTAGAGA
ACATT

ACACTGACGACATGGTTCTA
CAGGAATGTCCAGAGATGGA
CTGTG

ACACTGACGACATGGTTCTA
CAGCTGAAAACCCTGAACTC
AACAC

ACACTGACGACATGGTTCTA
CAGCGGCTCGCAAGGCTA
ACACTGACGACATGGTTCTA
CAACTGTACAAGTTCATATTC
CTGATGC
ACACTGACGACATGGTTCTA
CACCCCCTCTTGATGAATTT
GTCCT
ACACTGACGACATGGTTCTA
CAAAGCATTTTGTTGGTTTG
GCTGT
ACACTGACGACATGGTTCTA
CATGATCTCTTCAAGGACAG
GGACT
ACACTGACGACATGGTTCTA
CACGGTCCTCATAGTCACAC
TGTTC
ACACTGACGACATGGTTCTA
CATTTACAGATGGGGAAACT
GGAGC

ACACTGACGACATGGTTCTA
CAgCtgACAAAACAAAAGCAA
ACT

ACACTGACGACATGGTTCTA
CATGGGCTTAAAACAGGGAC
ATCTG
ACACTGACGACATGGTTCTA
CAAAAGATTTGTTTTGGGGA
AAGCC
ACACTGACGACATGGTTCTA
CAGCAGCAGGATTGGGCAG
AAG
ACACTGACGACATGGTTCTA
CACAAGAGCCAGTCCTTGCA
TACT

ACACTGACGACATGGTTCTA
CACTGGAGGATCACATGCCT
TGG

ACACTGACGACATGGTTCTA
CAAGGCATATTAGAGTTTCC
TTTCTTGC

ACACTGACGACATGGTTCTA
CATGCCCCTTTCGTCTATTT
GTCAG

TACGGTAGCAGAGACTTGGTCTG
CAAATGTTCTCTACCTTGTCCA

TACGGTAGCAGAGACTTGGTCTT
CTTCCTCACAGTCCATCTCTGG

TACGGTAGCAGAGACTTGGTCTG
TGTTGAGTTCAGGGTTTTCAGC

TACGGTAGCAGAGACTTGGTCTA
AAATGACTTGTGATCCCCCGTT

TACGGTAGCAGAGACTTGGTCTC
CTTCAGCTTCCTGTCCTTCATC

TACGGTAGCAGAGACTTGGTCTA
CAAAGAAGATTTTTAAAGGTAGG
AAGCA

TACGGTAGCAGAGACTTGGTCTA
AGCATCTGACTAGGGAGGTAAT

TACGGTAGCAGAGACTTGGTCTA
CTGAGGCTAGTAGGTGGCTTAT

TACGGTAGCAGAGACTTGGTCTC
CTGGAGTTTTCAACAACTGACC

TACGGTAGCAGAGACTTGGTCTT
AACCTCTCTGAGCTCCAGTTTC

TACGGTAGCAGAGACTTGGTCTT
GAGTTTGCTTTTGTTTTGTCAGC

TACGGTAGCAGAGACTTGGTCTT
ACAGATGTCCCTGTTTTAAGCC

TACGGTAGCAGAGACTTGGTCTg
aaACAGGCTTTCCCCAAAACAA

TACGGTAGCAGAGACTTGGTCTG
CTGTTCCTAAGGGCATTTTCTA

TACGGTAGCAGAGACTTGGTCTC
AGGCTAGCAAGACTCTGAAGG

TACGGTAGCAGAGACTTGGTCTC
TCTGAGTTCCCTCCTGGACTTG

TACGGTAGCAGAGACTTGGTCTC
TGGAGTGGATGCCATGGTG

TACGGTAGCAGAGACTTGGTCTT
ATTTTGCAGCTTTGTGGTCTGG

TACGGTAGCAGAGACTTGGTCTT
GCAGCAATTAACATATGAGGCTT

TACGGTAGCAGAGACTTGGTCTG
CCCTCTTTTGGACTAGCAGAA

199

177

187

197

194

185

159

194

192

187

191

185

177

199

197

194

195

196

195

199

47

47

48

50

a7

32

35

44

a4

a4

40

39

34

36

a7

56

56

43

32

40

TTTCTAGACTAAATACAGTGTGGGAATACACAATACACAACCTACTAGCC
TATGTGAAACACCCGAAAGGCCAGAATGAGGAAGTGCTGGAGAACT
TAGCCTATGTGAAACACCCGAAAGGCCAGAATGAGGAAGTGCTGGAGA
ACTTGAAAGAAGCTGAAGACTTAATCCAGAAAGAAGATGCCAATCAGATT
TGAGAAGCCTGGTAACCTGGGGCAACTTTGCCTGGGTGTATTACCACAT
GGGCAGACTGGCAGAAACCCAGACTTACCTGGACAAGGTAGAGAACAT
TTGC
ATGCCAATCAGATTTGAGAAGCCTGGTAACCTGGGGCAACTTTGCCTGG
GTGTATTACCACATGGGCAGACTGGCAGAAACCCAGACTTACCTGGACA
AGGTAGAGAACATTTGCAAGAAGTTTTCAAGTCCTTTCTGTCACAGAATG
GAATGTCCAGAGATGGACTGTGAGGAAGA
ACCTGGACAAGGTAGAGAACATTTGCAAGAAGTTTTCAAGTCCTTTCTGT
CACAGAATGGAATGTCCAGAGATGGACTGTGAGGAAGAACGGGCCTTG
CTGGAATGTGGAGGGAAGAATTATGAACAGGCCAAGGCCTGCTTTGAAA
AGGATCTGGCAGTGGCTGCTGAAAACCCTGAACTCAACAC
GGAATGTCCAGAGATGGACTGTGAGGAAGAACGGGCCTTGCTGGAATG
TGGAGGGAAGAATTATGAACAGGCCAAGGCCTGCTTTGAAAAGGATCTG
GCAGTGGCTGCTGAAAACCCTGAACTCAACACTGGGTATGAAATCACCG
CCTGTCGCCTGGATGGCTTTAAATTAGCAACGGGGGATCACAAGTCATT
TT
GCTGAAAACCCTGAACTCAACACTGGGTATGAAATCACCGCCTGTCGCC
TGGATGGCTTTAAATTAGCAACGGGGGATCACAAGTCATTTTCTTTGCCT
ACCCTAAGGCAGGCTGTCAGGCTAAATGTAGATGATAGATATAGTAAGG
TTCTTCTTGCCCTGAAGCTTTGGGATGAAGGACAGGAAGCTGAAGG
gcggctcgcaaggcetaggagtttgggacaagtctgggcaacagtgagattetgtctctataaacataaaaa
CTAAATTTAAAAAAAAAACTACTTTAAAACATAATAATAAAACAAACTGTA
CAAGTTCATATTCCTGATGCATGATAACATTTAAtgcttcctacctttaaaaatcttcttty
t
ACTGTACAAGTTCATATTCCTGATGCATGATAACATTTAAtgcttcctacctttaaa
aatcttctttgttttgcatagatgctcttttgttctcccectcttgatgaatttgtcctattcattattcagctcaagtatta
ccteectagtcagatgcett
ccccctcttgatgaatttgtectattcattattcagctcaagtattacctccctagtcagatgcttacagtetgggtt
agatcctccttcetccagcttttgaagceattttgttggtitggetgtttcagcacttgtcacatggtccatgatectac
ctgtacacttctgaataagccacctactagcctcagt
aagcattttgttggtttggctgtttcagcacttgtcacatggtccatgatcctacctgtacacttctgaataagcca
cctactagcctcagtaatacaatgatctcttcaaggacagggactctgtttGGATTTCTACTTCCAC
TTCTGACATAATGGGTTGAAGCAGGGGTCAGTTGTTGAAAACTCCAGG
tgatctcttcaaggacagggactctgtttGGATTTCTACTTCCACTTCTGACATAATGGG
TTGAAGCAGGGGTCAGTTGTTGAAAACTCCAGGTatgcagcatctcatacggtcctc
atagtcacactgttcatttgctattatcatcccactttacagatggggaaactggagctcagagaggtta
cggtcctcatagtcacactgttcatttgctattatcatcccactttacagatggggaaactggagctcagagag
gttaagtagcctgctcagggtcacaatgctataaattgattigaacttatactttcaggccctaaagctcttagg
ttctttcttatacttcatgctgACAAAACAAAAGCAAACTCA
tttacagatggggaaactggagctcagagaggttaagtagcctgctcagggtcacaatgc gatt
tgaacttatactttcaggccctaaagctcttaggttctttcttatacttcatgctgACAAAACAAAAGCAA
ACTCAACATTTGAGAGTTGGGCTTAAAACAGGGACATCTGTA
tgctgACAAAACAAAAGCAAACTCAACATTTGAGAGTTGGGCTTAAAACAG
GGACATCTGTATTTTTAATCTAATGCTTTGTTACTGTATTACAGAAACACT
GTGATATATAATGAGTTAATTAAACGAGAACCTTTCTTAGGTTGGGAAAG
ATTTGTTTTGGGGAAAGCCTGTttc
TGGGCTTAAAACAGGGACATCTGTATTTTTAATCTAATGCTTTGTTACTGT
ATTACAGAAACACTGTGATATATAATGAGTTAATTAAACGAGAACCTTTCT
TAGGTTGGGAAAGATTTGTTTTGGGGAAAGCCTGTttccetgggaaacagacttac
agatttcatgtaggagattagaaaatgcccttaggaacagce
AAAGATTTGTTTTGGGGAAAGCCTGTttccctgggaaacagacttacagatttcatgtagg
agattagaaaatgcccttaggaacagcacttgtgaggaagcaaatgcagcaggattgggcagaagaag
aagaaaggttcagttagtcccacagggacttctggagcetgggtggeccttcagagtcttgctagectg
gcagcaggattgggcagaagaagaagaaaggttcagttagtcccacagggacttctggagcetgggtgge
ccttcagagtcttgctagectgaggcaagagccagtccttgcatactggcetectccagggaggggceatage
cttaagcaagacaatgcctttcgacagagggcaagtccaggagggaactcagag
caagagccagtccttgcatactggctcctccagggaggggceatagecttaagcaagacaatgectttcga
cagagggcaagtccaggagggaactcagaggtgagttgtcaatagctagetctccccagaagetggag
gatcacatgccttggtcctgaaggggatctgcacccgceaccatggcatccacTCCAG
ctggaggatcacatgccttggtcctgaaggggatctgcacccgcaccatggcatccacTCCAGGTG
GAATCGGTGACAGTGGTTTTATAAATTGCTAAGTCCTTTATTGTTTCAGT
GACATTTTCTAAAAGGAATTAAAAGCTTTGAAGAATTCTATGCAAGTTCA
GAGTAGGCCAGACCACAAAGCTGCAAAATA
AGGCATATTAGAGTTTCCTTTCTTGCATCTTAAAATTCATCTAACACATCT
ATAATAACATTCTTTTCTTTTTTTTCCATTCTAGGACTTGCCCCTTTCGTCT
ATTTGTCAGACGAATGTTACAATTTACTGGCAATAAAGTTTTGGATAGAC
CTTAATGAGGACATTATTAAGCCTCATATGTTAATTGCTGCA
TGCCCCTTTCGTCTATTTGTCAGACGAATGTTACAATTTACTGGCAATAA
AGTTTTGGATAGACCTTAATGAGGACATTATTAAGCCTCATATGTTAATTG
CTGCAAGCAACCTCCAGTGGCGACCAGAATCCAAATCAGGCCTTCTTAC
TTTATTTGCTGGAGATTTTTCTGTGTTTTCTGCTAGTCCAAAAGAGGGC

Assays designed by
relax mode and have no
off-target hits

One primer sits in the
repeat region

Two primers sits in the
repeat region

One primer sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

One primer sits in the
repeat region

Two primers sits in the
repeat region

One primer sits in the
repeat region

One primer sits in the
repeat region

Two primers sits in the
repeat region

Two primers sits in the
repeat region

One primer sits in the
repeat region

Assays designed by
relax mode and have no
off-target hits

Assays designed by
relax mode and have no
off-target hits
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BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2

BRCA2_115

BRCA2_116

BRCA2_117

BRCA2_118

BRCA2_119

BRCA2_120

BRCA2_121

BRCA2_122

BRCA2_123

BRCA2_124

BRCA2_3_
UTR_1

BRCA2_3_
UTR_2

BRCA2_3_
UTR_3

BRCA2_3_
UTR_5

BRCA2_3_
UTR_6

BRCA2_3_
UTR_7

BRCA2_3_
UTR_8

BRCA2_3_
UTR_9

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

32968930

32970934

32971050

32972189

32972289

32972412

32972486

32972573

32972696

32972756

32972832

32972934

32973032

32973253

32973316

32973390

32973511

32973572

32969107

32971113

32971232

32972375

32972464

32972609

32972684

32972771

32972846

32972954

32972989

32973106

32973229

32973427

32973499

32973583

32973681

32973770

ACACTGACGACATGGTTCTA
CAGCTGCAAGCAACCTCCAG
T

ACACTGACGACATGGTTCTA
CATGGTCCAAACTTTTCATTT
CTGCTTT

ACACTGACGACATGGTTCTA
CATGCAATGAAGCAGAAAAC
AAGC

ACACTGACGACATGGTTCTA
CAACTGTGTGTAATATTTGC
GTGCTT

ACACTGACGACATGGTTCTA
CATTTTTATCAGATGTCTTCT
CCTAATTGTG

ACACTGACGACATGGTTCTA
CAAGGGGAGAAAGAGATTGA
TGACC

ACACTGACGACATGGTTCTA
CATACCTCCACCTGTTAGTC
CCATT

ACACTGACGACATGGTTCTA
CAACGAAACACCCATAAAGA
AAAAAGAACT

ACACTGACGACATGGTTCTA
CACCCAAGCTCTTTTGTCTG
GTTC

ACACTGACGACATGGTTCTA
CACTAGGACTGCTCCCACCA

ACACTGACGACATGGTTCTA
CAGGAGAGTTCCCAGGCCA
GTA

ACACTGACGACATGGTTCTA
CATTGACGCTTAACCTTTCC
AGTTT

ACACTGACGACATGGTTCTA
CATTACCTCAGCGTTTGTGT
ATCGG

ACACTGACGACATGGTTCTA
CACATAGGGAGACCCCCATC
T

ACACTGACGACATGGTTCTA
CATGGATTTGATCACTACAA
GTATTATTTTACA

ACACTGACGACATGGTTCTA
CATGGAATGAGGTCTCTTAG
TACAGTT

ACACTGACGACATGGTTCTA
CATGTTGGTTCTGCTATAGTT
CCATCC

ACACTGACGACATGGTTCTA
CATCCTTTTGAGCAATTCTTC
ATCCTT

TACGGTAGCAGAGACTTGGTCTT
ACCAAAATGTGTGGTGATGCTG

TACGGTAGCAGAGACTTGGTCTG
GGTGGACCACTTGGGA

TACGGTAGCAGAGACTTGGTCTT
GGCCTCCATATATACTTCTTATAA
TATTCC

TACGGTAGCAGAGACTTGGTCTG
TGGAAACAGACTTCCTTTTGGC

TACGGTAGCAGAGACTTGGTCTC
CAAGGCTCTTCTCTTTTTGCAG

TACGGTAGCAGAGACTTGGTCTG
GAGAATTCAGTTCTTTTTTCTTTA
TGGG

TACGGTAGCAGAGACTTGGTCTG
CAAGTTCTTCGTCAGCTATTGA

TACGGTAGCAGAGACTTGGTCTG
TGGGAGCAGTCCTAGTGGAT

TACGGTAGCAGAGACTTGGTCTG
CCTGGGAACTCTCCTGTTCT

TACGGTAGCAGAGACTTGGTCTA
CTGGAAAGGTTAAGCGTCAATA

TACGGTAGCAGAGACTTGGTCTA
ATGTGTGGTTTGAAATTATATTCC
AGT

TACGGTAGCAGAGACTTGGTCTT
GCAACTGAAGCAAAAGTATACCA

TACGGTAGCAGAGACTTGGTCTC
TGGCCTCAAGCACTCCTC

TACGGTAGCAGAGACTTGGTCTT
CTGCATCAAAATAACTGTACTAAG
AGA

TACGGTAGCAGAGACTTGGTCTA
GGAGAACTATTTCATAGTGAGTT
ACC

TACGGTAGCAGAGACTTGGTCTT
GCTCAAAAGGAAACACCACTCT

TACGGTAGCAGAGACTTGGTCTT
TTAATTTCAGAGATCACACTGGAA
TAGT

TACGGTAGCAGAGACTTGGTCTT
GAGTTTGGATGACCATTTTGTTG

178

180

183

187

176

198

199

199

151

199

158

173

198

175

184

194

171

199

a1

34

40

29

39

43

39

35

a4

40

35

35

42

30

29

34

35

27

GCTGCAAGCAACCTCCAGTGGCGACCAGAATCCAAATCAGGCCTTCTTA
CTTTATTTGCTGGAGATTTTTCTGTGTTTTCTGCTAGTCCAAAAGAGGGC
CACTTTCAAGAGACATTCAACAAAATGAAAAATACTGTTGAGGTAAGGTT
ACTTTTCAGCATCACCACACATTTTGGTA
TGGTCCAAACTTTTCATTTCTGCTTTTAAAGGAAATACTTTTGGAAACATA
AATATGTGGGTTTGCAATTTATAAAGCAGCTTTTCCACTTATTTTCTTAGA
ATATTGACATACTTTGCAATGAAGCAGAAAACAAGCTTATGCATATACTG
CATGCAAATGATCCCAAGTGGTCCACCC
TGCAATGAAGCAGAAAACAAGCTTATGCATATACTGCATGCAAATGATCC
CAAGTGGTCCACCCCAACTAAAGACTGTACTTCAGGGCCGTACACTGCT
CAAATCATTCCTGGTACAGGAAACAAGCTTCTGGTAAGTTAATGTAAACT
CAAGGAATATTATAAGAAGTATATATGGAGGCCA
ACTGTGTGTAATATTTGCGTGCTTAAATATTTTCAATGAAAAGTTACTTTG
ATTTAGTTTTTTATGTTACTACATAATTATGATAGGCTACGTTTTCATTTTT
TTATCAGATGTCTTCTCCTAATTGTGAGATATATTATCAAAGTCCTTTATC
ACTTTGTATGGCCAAAAGGAAGTCTGTTTCCAC
TTTTTATCAGATGTCTTCTCCTAATTGTGAGATATATTATCAAAGTCCTTT
ATCACTTTGTATGGCCAAAAGGAAGTCTGTTTCCACACCTGTCTCAGCCC
AGATGACTTCAAAGTCTTGTAAAGGGGAGAAAGAGATTGATGACCAAAA
GAACTGCAAAAAGAGAAGAGCCTTGG
AGGGGAGAAAGAGATTGATGACCAAAAGAACTGCAAAAAGAGAAGAGC
CTTGGATTTCTTGAGTAGACTGCCTTTACCTCCACCTGTTAGTCCCATTT
GTACATTTGTTTCTCCGGCTGCACAGAAGGCATTTCAGCCACCAAGGAG
TTGTGGCACCAAATACGAAACACCCATAAAGAAAAAAGAACTGAATTCTC
C
TACCTCCACCTGTTAGTCCCATTTGTACATTTGTTTCTCCGGCTGCACAG
AAGGCATTTCAGCCACCAAGGAGTTGTGGCACCAAATACGAAACACCCA
TAAAGAAAAAAGAACTGAATTCTCCTCAGATGACTCCATTTAAAAAATTCA
ATGAAATTTCTCTTTTGGAAAGTAATTCAATAGCTGACGAAGAACTTGC
ACGAAACACCCATAAAGAAAAAAGAACTGAATTCTCCTCAGATGACTCCA
TTTAAAAAATTCAATGAAATTTCTCTTTTGGAAAGTAATTCAATAGCTGAC
GAAGAACTTGCATTGATAAATACCCAAGCTCTTTTGTCTGGTTCAACAGG
AGAAAAACAATTTATATCTGTCAGTGAATCCACTAGGACTGCTCCCAC
CCCAAGCTCTTTTGTCTGGTTCAACAGGAGAAAAACAATTTATATCTGTC
AGTGAATCCACTAGGACTGCTCCCACCAGTTCAGAAGATTATCTCAGAC
TGAAACGACGTTGTACTACATCTCTGATCAAAGAACAGGAGAGTTCCCA
GGC
CTAGGACTGCTCCCACCAGTTCAGAAGATTATCTCAGACTGAAACGACG
TTGTACTACATCTCTGATCAAAGAACAGGAGAGTTCCCAGGCCAGTACG
GAAGAATGTGAGAAAAATAAGCAGGACACAATTACAACTAAAAAATATAT
CTAAGCATTTGCAAAGGCGACAATAAATTATTGACGCTTAACCTTTCCAG
T
GGAGAGTTCCCAGGCCAGTACGGAAGAATGTGAGAAAAATAAGCAGGA
CACAATTACAACTAAAAAATATATCTAAGCATTTGCAAAGGCGACAATAA
ATTATTGACGCTTAACCTTTCCAGTTTATAAGACTGGAATATAATTTCAAA
CCACACATT
TTGACGCTTAACCTTTCCAGTTTATAAGACTGGAATATAATTTCAAACCAC
ACATTAGTACTTATGTTGCACAATGAGAAAAGAAATTAGTTTCAAATTTAC
CTCAGCGTTTGTGTATCGGGCAAAAATCGTTTTGCCCGATTCCGTATTG
GTATACTTTTGCTTCAGTTGCA
TTACCTCAGCGTTTGTGTATCGGGCAAAAATCGTTTTGCCCGATTCCGTA
TTGGTATACTTTTGCTTCAGTTGCATATCTTAAAACTAAATGTAATTTATTA
ACTAATCAAGAAAAACATCTTTggctgagetcggtggctcatgectgtaatcccaacactttga
gaagctgaggtgggaggagtgcttgaggccag

catagggagacccccatctttacaaac GGGAAAAGAAAATCTTTTAAAT
CTTTGGATTTGATCACTACAAGTATTATTTTACAAGTGAAATAAACATACC
ATTTTCTTTTAGATTGTGTCATTAAATGGAATGAGGTCTCTTAGTACAGTT
ATTTTGATGCAGA
TGGATTTGATCACTACAAGTATTATTTTACAAGTGAAATAAACATACCATT
TTCTTTTAGATTGTGTCATTAAATGGAATGAGGTCTCTTAGTACAGTTATT
TTGATGCAGATAATTCCTTTTAGTTTAGCTACTATTTTAGGGGATTTTTTT
TAGAGGTAACTCACTATGAAATAGTTCTCCT
TGGAATGAGGTCTCTTAGTACAGTTATTTTGATGCAGATAATTCCTTTTAG
TTTAGCTACTATTTTAGGGGATTTTTTTTAGAGGTAACTCACTATGAAATA
GTTCTCCTTAATGCAAATATGTTGGTTCTGCTATAGTTCCATCCTGTTCAA
AAGTCAGGATGAATATGAAGAGTGGTGTTTCCTTTTGAGCA
TGTTGGTTCTGCTATAGTTCCATCCTGTTCAAAAGTCAGGATGAATATGA
AGAGTGGTGTTTCCTTTTGAGCAATTCTTCATCCTTAAGTCAGCATGATT
ATAAGAAAAATAGAACCCTCAGTGTAACTCTAATTCCTTTTTACTATTCCA
GTGTGATCTCTGAAATTAAA
TCCTTTTGAGCAATTCTTCATCCTTAAGTCAGCATGATTATAAGAAAAATA
GAACCCTCAGTGTAACTCTAATTCCTTTTTACTATTCCAGTGTGATCTCTG
AAATTAAATTACTTCAACTAAAAATTCAAATACTTTAAATCAGAAGATTTCA
TAGTTAATTTATTTTTTTTTTCAACAAAATGGTCATCCAAACTCA
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Assays designed by
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relax mode and have no
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relax mode and have no
off-target hits
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relax mode and have no
off-target hits

One primer sits in the
repeat region

One primer sits in the
repeat region
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13

13

13
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32973633

32973746

32973158

32888661

32888792

32888925

32973831

32973929

32973307

32888849

32888990

32889092

ACACTGACGACATGGTTCTA
CATGTAACTCTAATTCCTTTT
TACTATTCCAGT

ACACTGACGACATGGTTCTA
CATCAACAAAATGGTCATCC
AAACTCAA

ACACTGACGACATGGTTCTA
CACTGAGCTCGGTGGCTCAT

ACACTGACGACATGGTTCTA
CACTGCGAGGAAGACAGGT
GAT

ACACTGACGACATGGTTCTA
CAAGACTGACCAACAACGGA
GAA

ACACTGACGACATGGTTCTA
CAGTTGCGGTGAGCGGAGA
T

TACGGTAGCAGAGACTTGGTCTG
CGCTAAAAATAAAGCAGGCAGA

TACGGTAGCAGAGACTTGGTCTa
aaaaaGGACGTAACAAATGAGAGT
AT

TACGGTAGCAGAGACTTGGTCTA
AAGATTTTCTTTTCCCCTTTTT

TACGGTAGCAGAGACTTGGTCTG
CACGGCTAACTTTGCATTT

TACGGTAGCAGAGACTTGGTCTT
GAGACGGAGTTTCGCTCTT

TACGGTAGCAGAGACTTGGTCTC
CGTTTCCTTGCTTGAAAAA

199

184

150

189

199

168

28

35

49

55

57

50

TGTAACTCTAATTCCTTTTTACTATTCCAGTGTGATCTCTGAAATTAAATT
ACTTCAACTAAAAATTCAAATACTTTAAATCAGAAGATTTCATAGTTAATTT
ATTTTTTTTTTCAACAAAATGGTCATCCAAACTCAAACTTGAGAAAATATC
TTGCTTTCAAATTGGCACTGATTCTGCCTGCTTTATTTTTAGCGC
TCAACAAAATGGTCATCCAAACTCAAACTTGAGAAAATATCTTGCTTTCAA
ATTGGCACTGATTCTGCCTGCTTTATTTTTAGCGCTATCACAGGACCCAG
AGCCTATGCCCTTTTAAACTTACCACAAAAGCAGAAGATTAATTCAATTTA
AGATGATACTCTCATTTGTTACGTCCtttttt
CTGAGCTCGGTGGCTCATGCCTGTAATCCCAACACTTTGAGAAGCTGAG
GTGGGAGGAGTGCTTGAGGCCAGGAGTTCAAGACCAGCCTGGGCAACA
TAGGGAGACCCCCATCTTTACAAAGAAAAAAAAAAGGGGAAAAGAAAAT
CTTT
CTGCGAGGAAGACAGGTGATCCGAATCCTAAGAATGCAAAAGATGGGC
CGGGTGTGGTGGCTCATGCCTGTAATCCCAGCGCTTTGGGAGGCCGAG
GCAGGCAGATCACCTGAGGTCGGGAGGTTGAGACCAGACTGACCAACA
ACGGAGAAACCCCGTCTCTACTTAAAAATGCAAAGTTAGCCGTGC
AGACTGACCAACAACGGAGAAACCCCGTCTCTACTTAAAAATGCAAAGT
TAGCCGTGCGTGGTGGCCCATGCCTGTATTCCCAGCTACTCGGGAGGC
TGAGGCAGGAGAACCACTTGATCCCTGGAGGCGGAAGTTGCGGTGAGC
GGAGATTGCGCCATTGCACACCAGCCCGGGCCACAAGAGCGAAACTCC
GTCTCA
GTTGCGGTGAGCGGAGATTGCGCCATTGCACACCAGCCCGGGCCACAA
GAGCGAAACTCCGTCTCAAAAAAAAAAGCAAAAGATACTACCAAGCCCT
GCGGAGCAAGGTACCTCACACTTCATGAGCGAGTTAAGATGGGTTTCAC
AATTTTTCAAGCAAGGAAACGG

One primer sits in the
repeat region



# Mutations

BRCA1 (NM_007294)

N1018fs
5361X
E23fs S454X L1209X Q1756fs
D825fs E1346fs
- o
D1162fs  V1234fs R1443X R1699W
C61G Q31ﬂfsg?21x L502fs 1591fs K654fs E729fs E1060X \R‘ )( / A1708E
| 1203X" Q1401X /  T1677fs |
SEIIEI 1DIEID 15IDEI 18:55
# Frame_Shift Del ®Nonsense Mutation  EBRCT HRING
® Frame_Shift_Ins. SBRCT _assoc ¥ zf-C3HC4 2
® Missense_Mutation BEIN3



# Mutations

BRCAZ (NM_000059)

TZEQfE 1605fs .S

43 7fs 859

E826X
?fs

51982fs

K1691fs

Q1093X

1860fs L1053fs N1287fs
92X /A938fs V1283fs T1317fs

H1918fs K2162fs T3033fs

V1942fs  K2472fs 12482fs R2520X | 593g%

I12149fs T23671s __4%(;(2553;(/ W2970X

L3135fs

0 500

1000 1500

2000 2500 3000

® Frame Shift Del 9 BRCA-2 helical ® BRCA2DBD OB1
® Frame—Shift " Ins 5 BRCA-20OB1 EBRCA2DBD_OB2
® Nonsense Mutation B BRCA “ BRCA2DBDOB3

3421



Unselected-detected

Clinically-tested

linically-detected
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